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INTRODUCTION  TO  VOLUME  VI 


The  structural  weight  estimation  program  (SWEEP)  has  been  developed  as 
an  analytical  aircraft  structural  weight  prediction  tool  suitable  for  use  in 
the  preliminary  design  phase  of  vehicle  synthesis.  Structure  weight  estimates 
for  the  three  lifting  surface  components  of  any  aircraft  design  are  made  by 
the  wing  and  empennage  module  of  SWEEP.  This  volune  describes  the  pro- 
cedures and  internal  operations  of  the  module  for: 

• Structure  and  mass  properties  estimation  of  wing,  horizontal  tail, 

and  vertical  tail  surfaces. 

• Interface  with  the  control  and  data  development  modules  of  SWEEP. 

• Optional  analysis  of  primary  structures  designed  with  metallic  or 

advanced  composite  materials. 

• Optional  analysis  and  output  of  design  data  for  use  by  the  stand- 

alone flutter  optimization  and  flexible  airloads  programs. 

Volume  VI  is  organized  into  eight  separate  books: 

• Books  1 through  3 contain  technical  information  describing  the 
module,  methods  used,  and  the  applicable  module  core  maps. 

• Books  4 through  8 contain  Appendixes  A through  F,  which  include 

program  flow  charts  and  listings  for  the  eight  major  segments  of 

the  module. 


Preceding  page  blank 
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BOOK  1 

TECHNICAL  DISCUSSION,  SECTIONS  I AND  II 


Preceding  page  blank 
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Section  I 

MODULE  DESCRIPTION 


The  wing  and  enpennage  module  of  SWEEP  develops  structure  weight  and 
mass  distribution  estimates  for  wing,  horizontal  tail,  and  vertical  tail 
surfaces.  The  procedure  used  is  designed  to  analytically  evaluate  the  effects 
important  to  design  parameters  such  as  air  vehicle  design  criteria,  surface 
geometry  and  structural  arrangements,  materials  and  constructions,  etc.  This 
is  accomplished  through  a close  approximation  design  and  analysis  procedures 
progranmed  to  describe  detail  surface  geometry  properties  and  structural 
design  requirements.  These  are  used  to  synthesize  structural  geometries  and 
material  requirements  so  that  analysis  for  weights  and  mass  distributions 
can  be  made. 


GENERAL  DESCRIPTION 


The  module  consists  of  routines  in  level  (8,0),  (9,0),  (10,0),  (14,0), 

(15.0) ,  (16,0),  (17,0),  and  (18,0)  overlays  of  SWEEP.  It  is  executed  once 
for  each  surface  analyzed  during  a problem  case.  Design  data  are  processed 
into  component  data  arrays  for  the  module  in  accordance  with  design  require- 
ments for  surface  type  and  analysis  control  information  on  case  control 
card  2.  Logic  is  programmed  to  permit  module  execution  for  each  conponent 
analysis  in  stand-alone  mode  or  integrated  with  other  SWEEP  analysis  modules. 

In  the  stand-alone  mode,  all  design  data  are  input  through  the  input  data 
decks  for  the  surfaces.  The  module  is  executed  in  conjunction  with  the  input 
data  processing  module  in  SWEEP,  overlay  (1,0),  and  the  output  module,  overlay 

(13.0) .  In  the  integrated  mode  of  operation,  analysis  data  are  computed  by 
SWEEP  design  data  development  modules.  The  data  are  transmitted  to  the  wing 
and  empennage  module  through  mass  storage  file  records  to  be  processed  and 
used  in  accordance  to  control  and  analysis  information  in  the  input  data 
decks  for  the  conponent. 

The  wing  and  enpennage  module  consists  of  major  subroutine  groupings 
designed  to  perform  computational  functions  related  to: 

1.  Module  input  data  processing  of  problem  design  information  from 
component  input  data  decks,  SWEEP  data  bank,  and  mass  storage  file 
records  containing  criteria  and  design  information  developed  by  other 
SWEEP  modules.' 

2.  Surface  geometry  calculation  to  define  and  locate  all  structural 
components  of  the  surface. 
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3.  Surface  design  requirements  calculations  to  define  parameters  such 
as  design  airloads,  required  flutter  stiffness,  material  properties, 
and  deadweight  inertia  loads. 

4.  Structural  synthesis  of  surface  torque -box  structures  and,  if 
required,  pivot  structures  of  variable -sweep  wing  designs. 

5.  Detail  weight  estimates  for  each  element  of  the  torque-box  and  sta- 
tistically derived  weight  estimates  for  the  other  major  structural 
components  of  the  surface.  Mass  characteristics  are  determined  for 
all  structures  so  that  estimates  can  be  made  for  weight  distribu- 
tions, centroids,  and  inertias. 

6.  Module  processing  of  analysis  results  for  the  OUTPUT  module  of 
SWEEP  and  for  output  printing  of  pertinent  data. 

The  eight  overlays  of  the  wing  and  enpennage  module  are  logically  con- 
trolled by  SWEEP  control  program  0LAYOO,  overlay  (0,0).  The  logical  order  of  < 
their  execution  and  primary  computational  functions  are  shown  in  Figure  1. 

The  module  contains  109  separate  subprograms , including  the  eight  overlay 
programs.  Nineteen  of  the  subroutines  are  used  in  two  or  more  overlays. 

Table  1 contains  an  alphabetical  listing  for  all  128  subroutines  found  in 
the  eight  module  overlays. 

All  problem  data  for  analysis  control  and/or  input  of  variables  to  each 
of  these  parts  can  be  made  through  the  input  data  deck.  Module  logic  is 
programmed  so  that  variables  input  through  the  input  data  deck  supersede 
design  data  stored  on  mass  storage  files.  Each  component  input  data  array  is 
initialized  from  data  blocks  of  the  SWEEP  data  bank.  Except  for  differences 
in  weight  correlation  factors,  the  initial  values  for  each  surface  are  identi- 
cal. Material  properties  for  metallic  structure  analysis  are  obtained  from 
from  the  material  library  of  the  data  bank.  Airfoil  and  flutter  analysis 
constants  for  T-tail  vertical  tails  are  also  obtained,  as  required,  from  data 
sets  in  the  data  bank. 

Lifting  surface  designs  with  unique  con figuration  and  physical  arrange- 
ments which  can  be  analyzed  include: 

• Variable-sweep  wings  for  which  pivot  structures  and  effect  of  sweep 
position  are  evaluated  in  the  loads  and  flutter  requirement  analysis. 

• Vertical  tails  in  a T-tail  arrangement  for  which  horizontal  tail 
effects  on  vertical  tail  design  loads  and  flutter  requirements  are 
evaluated. 
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OLA Y 17  17  PROGRAM  FOR  SEVENTH  OVERLAY  OF  WING-EMPENNAGE  MODULE 
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• Nonlinear  surface  planforms  due  to  leading  edge  blending  and  cranked 
trailing  edges. 

• Nonlinear  torque-box  cross  sections  due  to  nonlinear  true  aerodynamic 
chords  and/or  variable -thickness  ratios  (t/c)  along  the  exposed  span. 

• Leading  and  trailing  edge  control  surface  arrangements. 

These  design  features  are  described  by  input  of  specific  sets  of  data. 

Module  analysis  is  controlled  by  input  control  data  associated  with  the  data 
set.  Internal  logic  assumes  no  evaluation  to  be  made  for  these  features  in 
the  absence  of  the  control  data  and  associated  data  sets. 

The  primary  option  for  torque-box  structure  evaluation  is  the  analysis 
of  designs  with  either  metallic  or  advanced  conposite  materials.  The  default 
analysis  is  metallic  design  which  is  made  by  execution  of  overlays  (9,0)  and 
C10,0)  in  conjunction  with  overlays  (8,0),  (14,0),  (15,0),  (16,0),  and  (17,0). 
These  overlays  can  be  operated  under  SWEEP  core  requirements  of  50,000  octal 
cell  locations  or  the  CDC  6600  computer.  Advanced  conposite  torque-box 
designs  are  analyzed  by  execution  of  overlay  (18,0)  instead  of  (9,0)  and 
(10,0).  This  overlay,  plus  the  other  module  overlays  previously  listed,  must 
be  operated  under  core  requirements  of  100,000  octal  cells.  Execution  of  the 
metallic  or  advanced  conposite  overlays  is  dictated  by  control  information  in 
columns  39  through  44  of  case  control  card  2 and  assumes  that  conpatible 
design  information  is  provided  in  the  appropriate  locations  of  the  input  data 
deck.  The  advanced  composite  analysis  is  based  on  evaluation  of  lamina 
requirements  for  a balanced,  symmetric  laminate  system  consisting  of  required 
plies  with  fibers  oriented  0°,  ±45°,  and  90°  to  the  direction  of  applied 
axial  loads. 

The  structural  synthesis/weight  analysis  for  both  metallic  and  advanced 
conposite  designs  is  programmed  using  similar  optimization  and  evaluation 
procedures.  Synthesis  and  search  options  are  provided  so  that  torque-box 
designs  can  be  optimized  or  evaluated  tc  specified  structural  arrangements 
and  constraints. 

A special  option  of  the  wing  and  empennage  module  permits  the  output  of 
design  and  mass  distribution  data  on  punch  cards  for  use  as  input  data  to  the 
Flutter  Optimization  Program  and  the  Flexible  Loads  Analysis  Program.  These 
programs  are  independent  stand-alone  programs  also  developed  under  this 
contract  and  are  described  in  Volumes  X and  XI,  respectively.  Descriptions 
of  input  and  output  data  for  this  option  can  be  found  in  the  discussions 
under  "Analysis  Options,"  of  this  section. 

The  program  is  structured  to  evaluate  weights  for  up  to  three  assumed 
gross  weights  during  one  case  in  the  stand-alone  mode.  In  the  integrated 
mode  of  operation,  only  the  second  gross  weight  loop  is  executed.  The  three- 
gross  weight  loop  allows  the  user  to  determine  weight  trends  for  predetermined 
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vehicle  weight  values.  Airloads  are  scaled  by  the  ratios  of  design  gross 
weights.  Logic  is  programmed  also  to  develop  torque-box  weight  trends  in 
a single  case  by  using  the  data  set  in  locations  1301  through  1322  to  input 
three  sets  of  design  parameter  values  to  be  used  in  the  respective  gross 
weight  loops.  The  parameters  which  are  specified  include: 

1.  Minimum  and  maximum  rib  spacings 

2.  Minimum  and  maximum  stringer  heights 

3.  Minimum  and  maximum  stringer  spacings 

4.  Number  of  stringers 

Three  constant  gross  weight  values  should  be  specified  for  this  situation  so 
that  the  gross  design  airloads  will  be  the  same.  Although  the  parameter  data 
set  is  set  up  for  multirib  designs,  multispar  construction  can  be  evaluated 
by  inputting  appropriate  data  with  the  data  set. 

Leading  and  trailing  edge  structures,  tips,  and  external  store  provision 
weights  are  assumed  to  be  constant  for  all  three  gross  weights.  Input  data 
in  locations  80  through  101  are  used  to  describe  the  three  gross  weights. 

The  data  set  in  locations  159  through  174  are  used  to  input  fuel  and  external 
store  loading  requirements  for  the  gross  weights. 

Design  results  for  gross  weight  No.  2 are  used  to  develop  the  design 
and  mass  properties  output  data  sets  for  the  Flutter  Optimization  Program 
and  the  Flexible  Loads  Analysis  Program. 

The  weight  summary  data  output  from  the  module  include  estimated  data  for 
all  three  gross  weights,  if  analyzed.  Weights  for  the  major  surface  conpo- 
nents  are  tabulated,  along  with  details  for  the  torque -box  structural  elements 
and  the  components  in  the  leading  and  trailing  edges. 

Module  output  is  printed  under  control  of  information  found  in  columns 
3 through  38  of  case  control  card  1.  Three  general  types  of  analysis  results 
are  printed  as  output  data;  sanples  of  each  can  be  found  in  Appendix  A of 
Volume  XI.  The  first  type  includes  analysis  summaries  printed  at  the 
conclusion  of  each  analysis.  The  second  type  includes  analysis  details  and 
array  dumps  used  to  supplement  the  summary  outputs.  The  third  type  of  module 
output  is  intermediate  dumps  of  selected  data  during  the  structural  synthesis 
search  for  the  torque-box,  printed  under  control  of  case  control  card  1 and 
data  locations  574  through  578  of  the  input  data  array.  All  module  data  are 
printed  under  control  of  one  control  card  in  each  case  setup;  tnerefore, 
output  from  module  execution  for  each  surface  analyzed  will  be  identical. 


39 


The  major  output  sunmaries  for  design  data  computed  during  the  various 
analysis  phases  of  the  module  are  as  follows.  Associated  print  control  loca- 
tions on  case  control  card  1,  necessary  to  order  these  printed  outputs,  are 
also  included. 

• Detail  torque-box  weight  and  coefficient  summaries,  column  37 

• Planfom  and  cross-section  geometry  data,  colum  6 

• leading  and  trailing  edge  structure  weight  and  distribution  sunmaries, 
column  12 

• Fuel  distribution  summary,  colum  18 

• Flutter  analysis  summary,  colum  22 

• Material  properties,  metallic  and  advanced  composites,  column  19 

• Airloads  sunmaries,  columns  19  and  20 

• Initial  1 g intertia  loads  estimates,  colum  21 

• Design  loads  and  deadweight  adjustment  sunmaries,  colums  24  and  25 

• Design  synthesis  and  weight  distribution  suranaries,  colum  28 

• Total  surface  calculated  inertia  summary,  colum  36 

• Surface  structure  conponent  and  contents  calculated  mass  distribution 
data  arrays,  colum  38 


ANALYSIS  DESCRIPTION 

The  wing  and  empennage  module  analysis  treats  lifting  surfaces  as  long, 
slender  cantilever  beams  resisting  shears  and  moments  through  a system  of 
covers  and  supporting  structures.  The  wing  planform  is  described  by  a system 
of  lines  developed  by  the  program  from  required  input  data.  These  lines 
describe  the  positions  of  the  leading  edge,  trailing  edge,  torque-box  limits, 
load  reference  axis,  and  synthesis  cuts.  Pertinent  geometric  coordinates  can 
be  specified,  as  required,  to  describe  the  torque-box  shape,  fuel  cell 
locations,  location  and  geometry  of  control  surface  devices,  location  of 
internal  concentrated  and  distributed  masses,  and  locations  of  externally 
mounted  stores  or  nacelles. 
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The  analysis  consists  of  synthesizing  and  evaluation  of  structural 
requirements  at  all  analysis  control  stations  on  the  exposed  panel.  The  first 
station  defines  the  inboard  end  of  the  surface  torque-box  and  the  outboard 
end  of  the  center-section  panel,  while  the  eleventh  station  defines  the 
outboard  end  of  the  torque-box  and  the  location  of  the  surface  tip  structure. 
Locations  of  the  control  stations  can  be  specified  by  the  user;  if  not 
specified,  the  program  assumes  11  equally  spaced  stations.  The  10  structural 
panels  bounded  by  the  analysis  control  stations  plus  the  tip  structure  make 
up  the  surface  outer  panel.  Each  panel  consists  of  torque -box  structure 
fixed  leading  and  trailing  edge  structures,  individual  control  surface 
structures  (if  applicable),  structural  fittings  for  externally  mounted  stores 
as  required,  and  secondary  structures.  The  complete  surface  consists  of  the 
outer  panel,  center  section,  and  pivot  structures,  if  applicable. 

A combination  of  analytical  and  empirical  methods  is  used  to  estimate 
the  torque-box  weight.  A three-dimensional  approximation  of  the  main  box 
structure  is  modeled  from  planform  geometry  and  airfoil  parameters  so  that 
cover  and  support  structure  weights  can  be  synthesized  to  satisfy  the  imposed 
constraints  of  vehicle  criteria  and  design.  The  synthesis  technique  considers 
design  criteria  and  loadings,  physical  geometry,  material  properties,  types 
of  construction,  fabrication,  and  design  constraints  in  the  development  of 
structural  sections. 

Leading  edge,  tailing  edge,  tip,  and  secondary  structural  component 
weights  are  conputed  from  program- derived  geometric  data,  statistical  data, 
and  vehicle  environment  data.  Provisions  are  made  in  the  weight  evaluation 
routines  for  leading  and  trailing  edge  structures  to  process  up  to  three 
leading  edge  devices  and  six  trailing  edge  devices.  Input  data  sets  are 
provided  for  each  device  so  that  internal  calculations  can  be  made  to  define 
types,  sizes,  locations,  and  weight  distribution  surfaces  for  mass  properties 
evaluation.  Leading  edge  structures  are  assumed  to  include  all  components 
forward  of  the  torque-box  front  spar,  consisting  of  fixed  structures  and 
control  surface  devices  - slats,  kruger  flaps,  or  droop  leading  edge.  Type 
code  numbers  are  used  to  specify  the  device  to  be  used  with  each  of  the 
three  input  data  sets.  Trailing  edge  structure  are  assumed  to  include  all 
structures  aft  of  the  rear  spar.  Two  spoiler  and  four  flap-type  devices  can 
be  specified  through  input  data  sets.  The  fourth  flap -type  set  is  processed 
as  a special  data  set  used  to  specify  ailerons,  elevators,  or  rudder  surfaces, 
as  well  as  flaps.  Four  flap  configurations  may  be  specified.  These  are 
plain,  single-slotted,  double -slotted,  and  triple-slotted  flaps.  Each  flap- 
type  device  may  be  positioned  anywhere  along  the  span,  with  the  panel  leading 
edge  anywhere  aft  of  the  rear  spar.  Spoilers  may  be  placed  forward  of  flap 
structures. 

The  leading  and  trailing  edge  mass  properties  estimation  procedure 
initially  describes  an  all-fixed  structure  distribution  surface.  As  control 
surface  devices  are  identified  and  positioned,  weight  distribution  surfaces 
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for  the  devices  are  estimated  and  adjustments  made  to  the  fixed  structure 
surface  by  appropriate  deletions  or  reductions  of  ordinate  values  in  the 
region  where  the  devices  are  positioned.  Weight  distribution  surfaces  are 
identified  for  each  c opponent  and  are  processed  individually. 

The  tip  is  assuned  to  include  all  structures  between  the  eleventh  torque- 
box  structural  control  station  and  the  theoretical  tip  station.  The  0-  and 
100-percent  chord  element  lines  define  the  fore  and  aft  boundaries. 

Secondary  structure  weights  are  estimated  as  a fraction  of  the  total  outer 
panel  weight.  The  weight  fraction  value  may  be  changed  by  the  user.  Weights 
for  structural  attachment  provisions  are  estimated  for  each  of  the  seven  con- 
centrated mass  items  that  may  be  located  on  the  surface.  The  estimates  are 
based  on  type  of  attach,  weight  of  the  mass  item,  and  maximum  vehicle  maneuver 
load  factor,  N . 

Z 

Inertia  loads  are  determined  at  each  control  station  by  summation  of 
1 g shears  and  moments  for  structural  conponents , contents , and  concentrated 
mass  items.  Numerical  integration  methods  are  used  for  estimation  of  shears 
and  moments  from  mass  distribution  surfaces  defined  for  the  10  structural 
strips  plus  the  tip.  Each  strip  consists  of  leading  edge,  torque-box,  and 
trailing  edge  panels  which  are  divided  into  rectangular  grids  by  equally 
spaced  chordwise  and  spanwise  lines . Grid  geometry  and  mass  distribution 
surface  definitions  permit  evaluation  of  mass  characteristics  of  each  item 
within  the  panel.  These  are  numerically  integrated  to  control  stations 
defined  on  the  structural  reference  axis  to  produce  estimates  for  strip  mass 
inertia,  weights,  and  moments.  Structure  conponents,  contents,  and  concen- 
trated mass  items  are  evaluated  separately  so  that  the  results  can  be 
processed  into  inertia  loads  and  mass  inertia  data  compatible  with  vehicle 
loadings  at  flight  desigp  points.  Grid  size  for  each  of  the  strip  panels  can 
be  controlled  by  the  user  with  the  control  data  set  in  locations  1143  through 
1154  of  the  input  data  array. 

Design  airloads,  shears,  and  moments  in  the  structural  reference  system 
must  be  specified  at  each  of  the  11  structural  analysis  stations.  The 
metallic  analysis  is  limited  to  evaluation  of  two  loading  conditions  defining 
critical  up-bending  and  down-bending  loads.  The  advanced  composite  analysis 
can  evaluate  up  to  20  different  loading  conditions.  Design  loads  can  be 
input  at  each  station,  either  through  the  component  input  data  deck  or  by  use 
of  special  input  deck  WHV  LOADS.  Loads  inputted  through  the  component  input 
data  deck  will  always  be  used,  even  if  loads  data  on  mass  storage  records  are 
available  through  execution  of  the  airloads  module  or  input  through  the 
WHV  LOADS  deck. 

Net  design  loads  at  each  section  are  calculated  by  combining  the  inertia 
effects  of  the  torque  box,  leading  and  trailing  edge  fixed  structures,  leading 
and  trailing  edge  devices,  fuel  and  fuel  system,  internally  distributed  mass 
items,  and  externally  mounted  mass  items  with  the  gross  airloads  values. 
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Control  data  in  the  input  data  deck  locations  159  through  174  are  used 
to  specify  wing  fuel  cell  levels  and  external  store  status  at  the  assumed 
design  conditions.  These  specifications  allow  for  computations  of  total 
inertia  loading  effects  conpatible  with  the  gross  airloads.  The  net  loads  are 
resolved  into  average  cover  loadings,  Nx,  and  spar  shear  flow,  q,  for  evalua- 
tion of  structural  material  requirements. 

In  the  determination  of  design  loads,  initial  estimates  are  made  for  the 
unknown  torque-box  structure  weights  and  distributions.  The  total  weight 
value  may  be  input  or  computed  by  the  program  as  a fraction  of  the  basic 
flight  design  weight.  The  distributed  weights  are  replaced  with  conputed 
values  after  each  synthesis/weight  analysis  pass.  Iteration  logic  is  used  to 
reduce  discrepancies  between  assumed  and  calculated  values.  In  the  programmed 
procedures,  adjustments  are  made  for  the  next  weight  and  distribution  sets, 
to  account  for  changes  in  cover  load  intensities  due  to  the  effects  of 
changes  in  both  design  loads  and  section  couple  arms.  Up  to  four  iteration 
passes  can  be  specified  using  location  369  of  the  input  data  array. 

Structural  stiffness  requirements  to  prevent  surface  flutter  are 
evaluated  by  a special  analysis  routine.  A semi  empirical  method  is  used  to 
estimate  initial  values  cf  required  torsional  stiffness,  GJ,  at  each  station. 
Procedures  are  programmed  for  analysis  of  fixed  surfaces,  variable -sweep  sur- 
faces, and  T-Tail  verticals.  The  techniques  used  were  developed  for  use 
in  lieu  of  detailed  flutter  analysis.  Analysis  logic  allows  for  bypassing  the 
evaluation  routines  with  user  inputs  of  required  stiffness  requirement  data 
in  locations  346  through  356  of  the  input  data  array.  The  value  in  location 
251,  flutter  analysis  control  word,  must  be  specified  as  2.0  with  these  inputs. 

Available  section  stiffness  reflected  in  the  synthesized  torque-box 
structure  is  computed  and  conpared  with  required  values.  Thicknesses  for  the 
four  torque-box  webs  - upper  skin,  lower  skin,  front  spar,  and  rear  spar  - 
are  increased  as  required  at  sections  with  inadequate  stiffness  levels.  The 
adjustment  procedure  is  designed  to  process  the  webs  in  the  ascending  order 
of  their  strength  gage  thicknesses,  making  adjustments  to  applicable  elements 
only  to  meet  the  given  stiffness  levels.  The  thickness  increase  and  identi- 
fication data  for  affected  webs  are  saved  for  later  processing  by  weight 
analysis  and  output  print  routines. 

For  metallic  structures,  section  stiffnesses  are  evaluated  in  terms  of 
section  J,  assuming  that  material  modulus  of  rigidity,  G,  is  constant.  In 
the  section  stiffness  calculations  for  advanced  composite  structures,  the 
evaluation  accounts  for  the  different  values  of  G contributed  by  each  web. 

The  value  of  G for  each  web  laminate  is  based  on  the  number,  stiffness 
characteristics,  and  orientations  of  the  constituent  plies. 
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Metallic  torque-box  structures  can  be  synthesized  for  either  stiffened 
skin  multirib  or  plate  multispar  designs.  The  stiffened  skin  raultirib  design 
options  are  riveted  Z,  integral  Z,  integral  I,  and  riveted  angle.  Plate  and 
honeycomb  panel  cover  designs  are  evaluated  for  multispar  constructions. 
Advanced  conposite  designs  can  be  evaluated  for  stiffened  skin  raultirib,  plate 
multispar,  and  full-depth  honeycomb  sandwich  constructions.  Cover  stiffener 
configurations  for  multirib  constructions  include  integral  I,  Z,  T,  and  hat 
concepts.  Multispar  options  include  single-plate  or  honeycomb  panel  covers. 

Cover  synthesis  for  stiffened  skin  multirib  construction  is  based  on 
determining  practical  cover  geometries  that  satisfy  (1)  stress  conditions  for 
strength,  local  stability,  or  general  stability,  and  (2)  constraints  of 
specified  minimum  gages  and  stringer  geometries.  The  effective  cover  material 
resulting  at  any  specified  operating  stress  level  during  the  analysis  is 
distributed  into  skin  and  stringer  material.  Stringer  material  is  further 
distributed  to  satisfy  stability  and  minimum  gage  conditions,  resulting  in 
stringer  geometries  of  height,  flange  widths,  and  gage.  An  added  constraint 
in  metallic  designs  is  the  minimum  ratio  of  stringer  thickness  to  skin  thick- 
ness, used  to  account  for  adverse  stringer-skin  interface  coupling  effects. 

The  synthesis  of  metallic  multirib  structures  requires  three  levels  of 
search.  In  the  first  level,  stringer  spacing  is  the  primary  search  param- 
eter. The  second  level  involves  determination  of  optimum  operating  stress 
levels  for  the  assumed  stringer  spacing.  The  third  optimization  level  is 
designed  to  determine  optimum  distributions  for  available  cover  material  based 
on  assumed  stress  level  and  stringer  spacing,  values  assigned  by  the  second- 
and  first-search  levels.  The  search  is  made  on  the  basis  of  assuming  search 
parameter  values  for  skin  gages  and  synthesizing  stringer  geometries  for 
the  specified  stringer  concept  from  available  material.  The  distribution 
logic  is  programmed  to  maximize  area  moment  of  inertia  for  the  skin/stringer 
section,  selecting  designs  only  within  the  specified  constraints  for  stringer 
geometries  and  element  minimum  gages. 

For  each  search  loop  total  cover,  support  structure  and  attachment 
requirements  are  determined  for  the  assumed  parameter  values.  The  value  that 
produces  minimum  total  structure  requirements  is  selected.  Resulting  design 
information  is  then  used  for  lower- level  search  operations.  This  synthesis 
approach  can  be  controlled  to  analyze  constant  spacing  or  constant  number  of 
stringer  arrangements.  Rib  synthesis  is  based  on  spring  rate  requirements 
for  cover  column  support  and  for  induced  rib  loads  due  to  cover  flexure. 

The  metallic  multispar  design  option  involves  synthesis  of  skin  and  cap 
material  for  specified  spar  spacing  or  constant  number  of  spars.  The  approach 
considers  the  effectiveness  of  intermediate  spar  caps  in  resisting  bending 
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loads.  Spar  webs  are  sized  to  similar  conditions  as  rib  webs  and  are  assumed 
to  be  corrugated.  For  honeycomb  cover  construction,  strength  effect  of 
inserts  at  the  spars  and  effect  of  panel  thickness  on  cover  stability  are 
considered. 

The  search  logic  programmed  to  synthesize  structures  for  the  construc- 
tion concepts  discussed  previously  involves  the  determination  of  minimum 
required  cover/support  structure  material  necessary  to  resist  design  loads. 
Limits  on  search  parameters  constrain  the  search  within  discrete  values  so 
that  the  configurations  for  the  selected  structures  reflect  practical  designs. 
User  inputs  can  be  used  to  control  search  parameter  values  and  thus  bi^s  the 
search  toward  selections  of  configurations  that  are  more  representative  of 
final  design  concepts.  Multiple  options  programmed  allow  the  user  to  select 
one  of  three  types  of  search  procedures: 

1.  Optimization  at  each  structural  station  within  minimum  and 
maximum  values  for  applicable  search  parameters: 

• Stringer  or  spar  spacings 

• Number  of  stringers  or  spars 

• Ratio  of  skin  gage  to  total  cover  t 

• Rib  spacing 

• Stringer  heights 

Search  values  for  these  parameters  are  specified  in  locations  365 
through  384  of  the  input  data  array. 

2.  Total  torque-box  weight  optimization  search  in  which  the  search 
procedure  determines  the  single  value  for  spacing  or  number  of 
stringer/spar  elements  that  produces  the  lightest  torque-box  design. 
The  selection  is  dependent  on  the  construction  and  the  analysis 
mode  - spacing  or  number- of -element  search.  Specifications  for  this 
type  of  analysis  are  defined  by  data  in  locations  1365  through 
1374.  This  analysis  mode,  specified  by  the  control  word  in  location 
1365,  will  supersede  the  optimization  mode  discussed  in  item  1. 

3.  Synthesis  of  structure  to  predetermined  values  of  sizing  parameters 
with  values  specified  discretely  at  each  analysis  station.  Param- 
eter values  are  input  through  «_.*ta  sets  in  locations  721  through 
808.  These  input  values  supersede  the  inputs  of  item  1,  and  the 
analysis  mode  for  item  2 should  not  be  used. 
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In  all  cases,  synthesis  results  reflect  cover/support  structure  configu- 
rations that  are  sized  to  strength  allowables  (P/A  stresses),  or  to  allowable 
stress/material  distribution  relationships  which  are  based  on  requirements 
for  (1)  general  instability  as  columns  or  panels  or  (2)  local  instability  due 
to  crippling  or  plate  buckling. 

Front  and  rear  spar  webs  are  synthesized  as  stiffened  plate  structures 
resisting  vertical  shears.  Actual  depths  of  the  airfoil  at  the  spars  are 
used  for  determination  of  shear  loads  and  material  volume.  Cap  materials 
are  effective  bending  materials;  therefore,  they  are  assumed  to  vary  with 
cover  t requirements. 

Synthesis  procedures  f*  r multirib  and  multispar  advanced  conposite 
structure  designs  are  similar  to  the  approach  used  for  metallic  structures. 
The  following  items  describe  the  major  differences  primarily  due  to  assunp- 
tions  made  for  analysis  of  advanced  conposite  structures: 

1.  Only  longitudinal  fibers  (0-degree  plies)  resist  axial  loads,  and 
cross  fibers  (±45-degree  plies)  resist  shear  loads. 

2.  All  plies  contribute  to  laminate  panel  stability. 

3.  Skin  material  requirements  are  analyzed  for  axial  loads  and  panel 
stability  requirements  due  to  combined  effects  of  inplane  axial  and 
shear  loads. 

4.  Laminates  are  synthesized  with  integer  number  of  lamina.  Minimum 
plate  thicknesses  are  based  on  requirements  for  a balanced  symmetric 
system,  eight  lamina  layers  consisting  of  two  each  of  0-,  +45-, 

-45-,  and  90-degree  plies.  Thickness  increases  are  made  by 
additions  of  two  0-  or  90-degree  plies,  or  two  each  of  ±45-degree 
plies  only,  or  combinations  of  all.  For  honeycomb  panels,  laminate 
plies  are  assumed  to  be  equally  divided  between  the  inner  and  outer 
face  sheets. 

5.  Addition  of  ±45-degree  plies  only  are  made  to  increase  stiffness 
levels  of  panels  with  inadequate  stability  stress  allowables. 

6.  Addition  of  ±45-degree  plies  only  are  made  to  torque-box  webs  to 
increase  section  stiffness  to  levels  required  to  satisfy  torsional 
stiffness  requirements. 

7.  Different  stringer  concepts  can  br*  specified  for  the  upper  and  lower 
covers.  However,  the  spacings  or  number  of  elements  in  each  cover 
will  remain  the  same. 
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8.  Stringer  areas  consist  of  0-degree  longitudinal  plies  only.  The 
synthesis  procedures  for  determining  allowable  stresses  and  cover 
material  distributions  are  progranmed  to  include  evaluation  of 
load  distribution  between  skin  and  stringer  elements,  based  on 
strain  conpatibility  relationships. 

9.  Spar/rib  web  synthesis  includes  analysis  for  honeycomb  panel  designs, 
as  well  as  corrugated  web  designs. 

10.  The  covers  are  assumed  to  be  mechanically  attached  to  ribs  and  spars. 
Cover  lamina  are  assumed  to  be  rearranged  locally  along  attachment 
lines  to  include  filler  material,  replacing  relocated  0-degree 
lamina,  for  attachment  hole  drilling. 

11.  Lightning  protection  material  (aluminum  flame  spray)  is  assumed  for 
all  exterior  surfaces.  Provisions  are  made  for  application  of 
sealer  films  to  all  interior  surfaces. 

In  the  full -depth  honeycomb  sandwich  construction  option  for  advanced 
conposite  structures,  three  optional  synthesis  procedures  are  available: 

1.  Sizing  skin  requirements  so  that  the  sandwich  structure  will  be 
stable  for  specified  core  type  and  densities. 

2.  Sizing  skin  laminates  to  strength  requirements  and  determining 
required  core  densities  to  satisfy  stability  requirements. 

3.  Sizing  for  optimum  skin/core  combinations  to  satisfy  strength  and 
stability  requirements. 

Front  and  rear  spars  for  these  designs  are  analyzed  with  the  same  procedures 
used  for  multirib  and  multispar  designs.  Evaluation  for  torsional  stiffness 
is  also  the  same. 

Evaluations  for  structural  provisions  for  major  rib  bulkheads  and 
chordwise  splices  are  made  when  user  input  data  direct  analysis  routines  to 
estimate  requirements  at  each  station.  Incremental  structure  weights  are 
predicted  by  the  program,  based  on  data  set  information  in  locations  650 
through  671  and  1475  through  1497  of  the  input  data  array.  Root  rib  and 
wing-to- fuselage  shear  tie  provisions  at  the  first  structural  station  are 
evaluated  based  on  load,  geometry,  and  material  parameters. 

Synthesis  of  variable -sweep  wings  consists  of  the  evaluation  of  idealized 
torque-hex  structure,  as  previously  discussed,  and  synthesis  of  pivot 
structure.  Pivot  estimates  replace  the  idealized  structure  in  the  appropriate 
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structural  location.  The  pivot  system  analysis  is  restricted  to  vertical  pin 
types  utilizing  straight  Teflon-lined  bearings.  The  program  is  designed  so 
that  the  pivot  estimate  is  optimum  for  the  specified  set  of  design  data. 
Spanwise  and  chordwise  locations  of  the  pivot  centerline  are  required  input 
data,  locations  200  and  201  of  the  input  data  array. 

The  synthesized  structural  data  are  used  in  determining  weight  and 
weight  distributions.  The  estimates  are  based  on  volumetric  integration  of 
the  optimized  structural  elements  to  which  weight  indexing  factors  are 
applied.  Weight  increments  for  unique  and  for  local  structural  discontinui- 
ties, cutouts,  doors,  etc,  are  determined  through  control  indicators  and 
weight  factors. 

Selection  of  proper  material  alloy  must  be  made  and  specified  to  the 
module  by  the  user,  with  consideration  made  to  the  temperature  and  fatigue 
environment  to  which  the  material  will  be  exposed.  Consideration  must  also 
be  made  as  to  the  effects  of  exposure  time  at  tenperature  on  material 
allowables.  Design  concepts  will  dictate  whether  the  selected  material 
should  reflect  properties  of  type  of  alloy  and  form  - sheet,  plate,  or 
extrusion.  The  selected  material  is  specified  in  the  input  data  set  by  a 
material  code  number;  i.e.,  in  location  258  for  the  torque-box,  and  location 
196  for  the  pivot  lugs.  Materials  are  selected  from  sequentially  stored 
material  property  data  sets  in  the  material  library  of  the  SWEEP  data  bank. 
The  selected  material  is  identified  by  code  number  corresponding  to  the  data 
set  in  the  library.  The  contents  of  this  library  are  presented  in 
Section  XI  of  this  volume. 

Practical  minimum  gages  for  the  selected  material  should  be  specified 
by  the  user.  The  values  used  should  be  compatible  with  fabrication  require- 
ments for  the  material  and  structure  concepts  being  evaluated. 

Design  tenperatures  are  defined  for  each  material  selected  in  locations 
159  and  197,  respectively.  Zero  values  in  these  locations  will  result  in 
placement  of  SWEEP  computed  tenperature  values  for  analysis.  Tenperature 
properties  are  determined  by  straight-line  interpolation  of  properties 
versus  temperature  data  included  in  the  library  data  set. 

Material  properties  for  the  advanced  composite  option  are  input  through 
the  input  data  sets,  locations  1155  through  1163  and  1170  through  1204  for 
lamina  properties,  and  locations  1164  through  1169  and  580  through  596  for 
honeycomb  core  foil  properties.  The  program  default  material  properties  are 
boron/epoxy  and  2024-T4  bare  aluminum  sheet.  Material  changes  must  be  made 
with  data  in  the  input  data  set  of  the  component. 
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ANALYSIS  OPTIONS 


The  execution  of  the  wing  and  enpennage  module  requires  case  control 
card  2 information  that  is  conpatible  with  analysis  requirements  and  variable- 
data  input  for  each  surface.  Case  control  card  2 data  in  columns  1 through 
44,  71,  72,  75,  76,  78,  79,  and  80  affect  processing  of  module  input  data 
blocks  and  module  execution.  Execution  of  module  analysis  options  are 
affected  by  control  data  in  the  input  data  deck  for  each  surface.  Setup 
requirements  for  four  of  the  major  options  are  explained  in  the  following 
paragraphs . 


Surface  Types 

Each  wing  and  enpennage  surface  must  be  described  with  separate  input 
data  blocks.  Execution  of  the  module  will  occur  when  case  control  card  2 con- 
tains a (0)  punch  in  column  72  for  wing,  column  75  for  horizontal  tail,  and 
column  76  for  vertical  tail.  During  data  processing  of  case  data  blocks,  a 
module  input  data  array  is  set  up  for  each  conponent  to  be  analyzed.  The 
array  is  initialized  from  either  the  SWEEP  data  bank  permanent  data  sets  or 
the  module  input  data  block  from  the  previous  case,  based  on  status  of 
column  80  of  case  control  card  2.  Conponent  variable  data  are  then  read  and 
processed  into  the  array  and  stored  on  mass  storage  records.  In  any  problem 
case,  conponent  variable  data  are  processed  only  if  a data  deck  with  the 
appropriate  deck  title  appears  in  the  case  input  data  set.  Thus,  for  second 
and  subsequent  cases,  conponents  may  be  analyzed  without  the  existence  of  an 
input  data  block. 

Internal  module  logic  requires  that  location  289  of  each  conponent  input 
data  array  contain  a code  word  which  identifies  the  surface  type: 

0 = Wing  surface 
-1  = Horizontal  tail  surface 

+N  = Vertical  tail  surface,  where  N = the  number  of  vertical  tail  panels 


General  Data  Processing  Option 


Vehicle  and  design  criteria  data  input  through  the  GENERAL  data  deck  are 
processed  into  design  data  for  the  wing  and  enpennage  module  by  the  data 
management  and  design  data  develop-nent  modules  of  SWEEP.  Some  of  the 
variable  input  and  calculated  data  are  identical  to  the  information  which 
is  also  input  through  component  input  data  decks.  These  design  data  are 
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set  ip  as  a separate  wing  and  enpennage  module  input  data  array.  The  array 
data  are  processed  as  required  during  module  execution  into  the  canponent 
input  data  array  only  if  the  respective  variable-data  array  location  is  set 
to  zero.  For  some  variables,  the  transfer  is  governed  initially  by  a zero 
value  in  a control  location  assigned  to  the  set.  Data  and  control  locations 
affected  by  module  input  data  processing  logic  are  as  follows: 

• Vehicle  gross  weight,  load  factor,  fuel,  and  useful  load  data 
locations  81,  85,  86,  87,  88,  89,  91,  93,  94,  96,  98,  100,  and 
1280.  Control  word  in  location  88. 

• Surface-type  code  in  location  289  only  for  vertical  tails.  Set 
to  zero  for  wing. 

• Planform  geometry  parameters  in  locations  240  through  249  are 
processed  only  if  location  240  is  zero.  The  value  in  location  138, 
planform  sweep  reference  chord  element  line,  is  replaced  if  location 
242  is  zero. 

• Surface  positioning  data  in  locations  175,  177,  and  178  are  set  to 
zero,  and  the  value  in  176  is  set  to  calculated  value. 

t 

• Load  reference  line  location  in  location  239. 

• Torque-box  analysis  control  stations,  location  865  through  875, 
are  replaced  if  location  865  is  zero.  The  code  value  in  location 
864  is  then  set  to  2.0. 

• Inertia  deadweight  control  word  in  location  110  is  always  set  to 
zero  for  vertical  tails  and  to  1.0  for  wing,  and  is  not  examined 
for  horizontal  tail. 

• Torque-box  design  temperature  in  location  259. 

• Pivot  design  material,  location  196,  and  design  tenperature, 
location  197,  are  examined  only  for  wings  and  if  location  200, 
pivot  spanwise  locator,  is  not  zero.  Locations  196  and  197 
are  set  to  values  in  258  and  259  if  zero  values  are  input. 

• Pivot  design  data,  locations  200,  201,  202,  203,  137,  and  199, 
are  examined  and  transferred  for  wing  designs  only  after 
initial  tests  for  material  and  tenperature. 
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• Conventional  fixed  surface  flutter  Q and  material  G,  locations 
253  and  254,  and  flutter  design  temperature  for  advanced 
composite  analysis,  location  282. 

• Variable-sweep  wing  flutter  data  for  aft  wing  position, 
locations  320,  321,  322,  and  323,  are  controlled  by  the 
value  in  location  320. 

• T-tail  vertical  tail  flutter  data,  locations  310,  335,  337, 

338,  339,  358,  359,  and  360,  based  on  control  word  in  location 
357,  T-Tail  analysis  for  vertical  tail  flutter.  Locations  310, 

357,  358,  and  359  are  set  to  zero  for  wing  and  horizontal 
tail. 

• T-tail  code  word  for  horizontal  tail  inertia  calculations  for 
vertical  tail  flutter  analysis  in  location  204.  This  item  is 
processed  during  horizontal  tail  execution  only  and  is  set  to  zero 
for  vertical  tail  and  wing. 

• Fuel  cell  data,  locations  206  through  219.  All  cell  data  are 
processed  only  if  the  input  fuel  density  for  each  cell  is  zero, 
locations  208  and  215. 

• Miscellaneous  surface  content  weight  to  be  distributed 
uniformly  on  the  torque -box  planform  for  inertia  calculations, 
location  1820. 

• Surface  contents  to  be  approximated  with  a spanwise  line 
distribution  for  inertia  claculations , locations  1821  through  1827_. 
If  the  weight  location,  1821,  and  the  outboard  point  of  the 
distribution  line,  1823,  are  zero,  then  the  data  set  information 

is  changed  to  reflect  calculated  weight  distribution  along  the 
structural  analysis  reference  line  between  control  station  1 
and  the  tip. 

• Lxtemal  concentrated  mass  items  to  be  located  on  the  wing, 
seven  data  sets,  12  items  each  in  locations  1855  through  1938. 
bach  of  the  seven  items  is  assigred  to  specific  mass  conponents, 
and  transfer  of  data  is  made  only  if  the  spanwise  location 
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parameter  (the  second  data  iten  in  each  set)  is  zero.  Items  1 
through  4 are  for  external  stores,  items  5 and  6 are  for  wing- 
mounted  nacelles  and  contents,  and  item  7 is  for  wing-mounted 
landing  gear  structures.  Calculated  inertia  data  (pitch, 
roll,  and  yaw)  are  available  for  transfer  only  for  the  nacelles. 
Therefore,  required  data  must  be  input  for  the  other  mass  items 
for  module  estimates  of  inertias.  If  data  for  inertia 
calculations  are  not  input  (items  6 through  11  for  each  data 
set),  the  transferred  weight  (item  1 of  the  data  set)  is  set 
to  a negative  value  to  indicate  that  structural  provisions 
only  are  to  be  calculated  for  that  set.  The  longitudinal 
location  for  each  mass  (item  3)  is  transferred  as  fuselage 
station  values;  thus,  the  spanwise  location  parameter  valua 
(item  2)  is  set  to  a negative  value  to  indicate  fuselage  station 
values . 


Torque-Box  Design  Option 

For  each  surface,  the  metallic  or  advanced  conposite  structure  synthe- 
sis routines  are  executed  in  accordance  to  the  values  (00)  and  (01) , respec- 
tively, punched  in  columns  39  through  44  of  case  control  card  2,  39  and 
40  for  wing,  41  and  42  for  horizontal  tail,  and  43  and  44  for  vertical 
tail.  Torque-box  construction  is  specified  with  code  information  in  loca- 
tions 361  and  461  for  metallic  structures.  Advanced  conposite  construction 
information  is  specified  by  code  in  locations  430  through  438. 


Design  Data  Generation  Option  for  the  Flutter  Optimization  and  Flexible 
Loads  Analysis  Programs 

Design  data  for  the  stand-alone  Flexible  Louis  Analysis  and  Flutter 
Optimization  Programs  cam  be  calculated  and  punched  on  data  cards  for 
use  as  input  data  sets  for  these  programs.  Calculations  for  these  options 
are  based  on  code  information  in  location  271.  Output  of  calculated 
data  is  governed  by  the  code  in  location  280.  Related  data  are  input 
through  data  sets  in  locations  272  through  279  and  290  through  309. 
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1 -ach  program  requires  data  which  are  evaluated  at  predetermined  con- 
trol stations  and  referenced  to  one  of  the  two  basic  lifting  surfaces 
coordinate  reference  systems.  Data  describing  the  mass  characteristics 
for  all  items  contained  in  the  mold  line  of  the  exposed  wing  are  processed 
as  distributed  masses,  10  equal-width  aerodynamic  strips  for  the  Flexible 
Loads  Analysis  Program  and  11  structural  system  strips  for  the  Flutter 
Optimization  Program. 

Mass  properties  data  must  also  be  evaluated  separately  for  each 
program,  since  the  flutter  design  point  and  vehicle  design  loading  may  not 
be  the  same  as  for  the  critical  design  loads  condition.  Furthermore,  the 
critical  design  point  and  vehicle  loading  resulting  from  the  flexible 
loads  analysis  may  also  be  different  from  that  resulting  from  the  rigid 
loads  analysis.  Thus,  mass  properties  of  wing  fuel  and  externally  mounted 
expendable  items  are  evaluated  individually  for  each  program,  based  on 
user  specifications  defined  in  locations  272  through  279.  Mass  properties 
summation  logic  in  each  system  is  designed  to  corrpute  for  output  the 
total  mass  distribution  for  a specified  vehicle  loading  condition.  Remain- 
ing wing  fuel  for  the  output  design  data  is  determined  from  a fuel  usage 
schedule  array  in  the  input  data  set.  Separate  data  sets  are  provided 
to  define  fuel  status  for  flexible  loads  design  loading  and  flutter  design 
loading.  Lstimated  full-capacity  fuel  mass  properties  data  for  each  fuel 
cell  are  scaled  to  the  desired  fuel  level. 

Provisions  are  made  to  process  two  sets  of  externally  mounted  con- 
centrated mass  items  so  that  effects  of  store/ external  fuel  configurations 
can  be  evaluated  by  the  flexible  loads  and  flutter  optimization  programs. 

A loading  status  schedule  similar  to  that  for  fuel  usage  is  provided. 

During  the  structural  synthesis/weight  analysis  of  lifting  surfaces, 
geometry,  design  loads,  and  structural  design  requirements  are  evaluated 
at  11  control  stations.  Torque-box  structures  are  synthesized  at  these 
stations.  Unit  spanwisc  weights  are  determined;  then,  estimated  weights 
are  calculated  by  integration  between  these  stations.  Bending  stiffness, 
HI,  and  torsional  stiffness,  GJ,  are  conputed  from  the  synthesis  data 
at  each  station.  These  synthesized  data  provide  the  necessary  distribution 
data  for  computing  the  required  data  for  the  flutter  optimization  and 
flexible  loads  analysis  programs. 
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Data  requirements  and  descriptions  for  analysis  of  surface  design 
features  and  program  analysis  options  are  described  in  the  following  para- 
graphs. Data  array  locations  for  data  sets  and  control  information  are 
defined.  Refer  to  the  input  data  array  list  definitions  for  further  descrip- 
tions of  data  sets,  control  words.,  and  data  locations  discussed. 


Surface  Geometry 


The  basis  for  input  geometric  descriptions  and  module  calculations  of 
surface  geometry  data  is  a system  of  straight  lines  approximating  planform 
and  cross-section  characteristics.  Computations  are  made  by  subroutines  in 
overlay  (8,0).  Computed  data  are  processed  and  saved  for  use  by  all  other 
overlays  of  the  module. 

Reference  lines  are  computed  to  describe  theoretical  trapezoidal  planform 
properties  from  standard  aerodynamic  geometry  parameters  of  lifting  surfaces; 
i.e. , area,  aspect  ratio,  taper  ratio,  sweep,  and  thickness  ratio.  Descriptive 
details  to  supplement  these  inputs  are  specified  in  terms  of  either  actual 
dimensions  in  inches  or  fractional  values  of  trapezoidal  parameters.  Detail 
surface  characteristics  are  described  through  data  sets  assigned  to  input 
specific  types  of  geometry  information,  as  follows: 


Nonlinear  Planforms 

Blended  leading  edge  and  cranked  trailing  edge  planforms  are  described 
with  data  sets  in  locations  1985  through  2007  and  2008  through  2030, 
respectively.  The  data  set  control  word  is  item  12  of  each  set.  The  input 
information  is  used  to  describe  local  delt<  chords  from  the  trapezoidal  leading 
and  trailing  edge  lines  at  up  to  11  spanwise  points.  Interpolations  of  straight 
lines  between  adjacent  points  are  used  in  computations  of  true  aerodynamic 
chords. 


Cross-Sections 

Depths  at  chordwise  locations  of  airfoils  at  any  spanwise  station  are 
computed  as  functions  of  the  maximum  airfoil  depths  at  that  station.  Values 
for  the  reference  depth  are  evaluated  as  functions  of  the  spanwise  location 
and  assuming  linear  depth  variations  between  spanwise  control  stations;  the 
maximun  depths  at  the  control  stations  are  derived  as  the  product  of  the  true 
aerodynamic  chord  and  the  specified  thickness  ratio  at  that  station.  Thus, 
cross  sections  of  lifting  surfaces  are  described  by  values  defining  surface 
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maximum  depths  and  airfoil  type  at  discrete  spanwise  locations.  One  of  two 
data  sets  can  be  used  for  these  specifications. 

The  first  data  set,  locations  243,  245,  141  and  142,  is  required  input 
used  to  specify  linear  variations  in  airfoil  maximum  depths  between  two  span- 
wise  stations,  generally  the  centerline  and  the  theoretical  tip.  Locations  243 
and  245  are  thickness  ratio  values  to  be  used  at  the  spanwise  station  defined 
in  locations  141  and  142,  respectively.  If  the  station  values  of  141  and/or 
142  locate  control  stations  at  intermediate  spanwise  locations,  additional  con- 
trol data  for  the  centerline  and/or  tip  station  are  generated.  The  maximum 
depths  of  these  stations  are  based  on  the  thickness  ratio  specified  in  loca- 
tions 243  and  245,  respectively  (assumes  constant  thickness  ratio  between 
these  created  control  station  and  the  adjacent  input  control  station). 

The  second  data  set,  locations  2031  through  2052,  is  used  to  specify  air- 
foil depth  and  control  stations  at  up  to  11  spanwise  thickness  ratio  distribu- 
is  used  to  describe  planforms  with  nonlinear  spanwise  thickness  ratio  distribu- 
tions and  for  closer  depth  definitions  for  planforms  with  blended  leading 
edges  and/or  cranked  trailing  edges.  Processing  of  data  set  information  is 
specified  by  a nonzero  value  in  item  2 of  the  data  set.  During  detail  evalua- 
tion of  cross  sections,  specifications  from  this  data  set  are  used  in  lieu  of 
data  input  through  the  first  data  set. 

Depths  at  chordwise  locations  on  airfoils  are  calculated  based  on  code 
word  value  in  location  143.  The  code  value  indicates  to  the  geometry 
routines  the  evaluation  procedure  and  data  sets  to  be  used:  (1)  evaluation 

based  on  curve  fit  equations  of  airfoil  depths,  or  (2)  evaluation  based  on 
straight-line  interpolation  of  normalized  depth  versus  chordwise  location 
table  data. 

A value  of  1 through  8 will  result  in  data  set  selection  of  polynominal 
constants  for  airfoil  depths  from  the  SWEEP  data  bank  (locations  1 through 
99  of  the  airfoil  data  array).  This  option  will  result  in  constant  airfoil 
shapes  for  all  spanwise  stations,  as  represented  by  the  code.  Code  values 
and  corresponding  airfoil  shapes  are  as  follows: 

1 = 630C -series  airfoil 

2 = 6400-series  airfoil 

3 = 6500-series  airfoil 

4 = 6600-series  airfoil 

5 = Wedge  airfoil 
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maximum  depths  and  airfoil  type  at  discrete  spanwise  locations.  One  of  two 
data  sets  can  be  used  for  these  specifications. 

The  first  data  set,  locations  243,  245,  143  and  142,  is  required  input 
used  to  specify  linear  variations  in  airfoil  maximum  depths  between  two  span- 
wis  ' stations,  generally  the  centerline  and  the  theoretical  tip.  Locations  243 
and  245  are  tnickness  ratio  values  to  be  used  at  the  spanwise  station  defined 
in  locations  141  and  142,  respectively.  If  the  station  values  of  141  and/or 
142  locate  control  stations  at  intermediate  spanwise  locations,  additional  con- 
trol data  for  the  centerline  and/or  tip  station  are  generated.  The  maximum 
depths  of  these  stations  are  based  on  the  thickness  ratio  specified  in  loca- 
tions 243  and  245,  respectively  (assumes  constant  thickness  ratio  between 
these  created  control  station  and  the  adjacent  input  control  station). 

The  second  data  set,  locations  2031  through  2052,  is  used  to  specify  air- 
foil depth  and  control  stations  at  up  to  11  spanwise  thickness  ratio  distribu- 
is  used  to  describe  planfcrms  with  nonlinear  spanwise  thickness  ratio  distribu- 
tions and  for  closer  depth  definitions  for  planforms  with  blended  leading 
edges  and/or  cranked  trailing  edges.  Processing  of  data  set  information  is 
specified  by  a nonzero  value  in  item  2 of  the  data  set.  During  detail  evalua- 
tion of  cross  sections,  specifications  from  this  data  set  are  used  in  lieu  of 
data  input  through  the  first  data  set. 

Depths  at  chordwise  locations  on  airfoils  are  calculated  based  on  code 
word  value  in  location  143.  The  code  value  indicates  to  the  geometry 
routines  the  evaluation  procedure  and  data  sets  to  be  used:  (1)  evaluation 

based  on  curve  fit  equations  of  airfoil  depths,  or  (2)  evaluation  based  on 
straight-line  interpolation  of  normalized  depth  versus  chordwise  location 
table  data. 

A value  of  1 through  8 will  result  in  data  set  selection  of  polynominal 
constants  for  airfoil  depths  from  the  SWEEP  data  bank  (locations  1 through 
99  of  the  airfoil  data  array).  This  option  will  result  in  constant  airfoil 
shapes  for  all  spanwise  stations,  as  represented  by  the  code.  Code  values 
and  corresponding  airfoil  shapes  are  as  follows: 

1 = 6300-series  airfoil 

2 = 6400-series  airfoil 

3 = 6500-series  airfoil 

4 = 6600-series  airfoil 

5 = Wedge  airfoil 
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6 = Arc  airfoil 

7 and  8 are  not  used 

The  code  value  of  9 specified  in  location  143  identifies  the  straight-line 
interpolation  option.  Data  in  locations  145  through  152  are  required.  This 
subset  provides  the  option  of  specifying  airfoil  shapes  at  up  to  four  span- 
wise  control  stations,  locations  145  through  148.  Airfoil  shapes  to  be  used 
are  identified  by  code  in  locations  149  through  152.  These  code  values  cor- 
respond to  the  numerical  airfoil  depth  tables  found  in  locations  150  through 
399  of  the  SWELP  data  bank  airfoil  data  array. 

Torque -Box  Description 

Torque-box  planform  geometry  information  is  specified  in  locations  125 
through  129,  135,  136,  137,  and  139.  Locations  125  through  129,  135,  136,  and 
137  are  used  to  describe  front  spar,  rear  spar,  and  structual  analysis  refer- 
ence line  locations  on  the  surface  planform.  Torque-box  reference  lines  not 
on  constant  chord  element  lines  can  be  positioned  properly  by  using  the 
inboard/outboard  control  station  specifications  in  this  data  set.  Location  139 
is  used  to  specify  the  spanwise  location  of  the  outboard  closeout  rib.  This 
value  is  used  when  (1)  the  geometry  routine  is  directed  to  compute  equally 
spaced  structural  analysis  control  station  data,  or  (2)  fractional  values  are 
specified  for  station  positioning  in  data  array  locations  865  through  875, 
under  control  of  torque-box  geometry  control  word  in  location  864. 

Detail  torque-box  geometry  can  be  input  by  using  the  data  set  in  loca- 
tions 864  through  919.  Processing  of  input  data  is  dictated  by  the  code  value 
of  location  864.  This  data  set  is  organized  into  11-element  subsets  for  input 
of  structural  analysis  station  locations,  torque-box  structural  widths  and 
average  depths,  front  spar  depths,  and  rear  spar  depths. 

In  surfaces  where  flutter  requirements  are  calculated  by  the  module, 
location  340  must  contain  the  theoretical  trapezoidal  surface  area  value  when 
options  for  blended  leading  edge,  cranked  trailing  edge,  or  variable  thickness 
ratio  descriptions  are  used,  or  when  input  torque-box  depths  describe  nonlinear 
variations  between  the  exposed  root  chord  and  the  eleventh  station.  The  area 
value  in  location  340  directs  the  geometry  evaluation  routine  to  compute  sta- 
tion chord  and  depth  data  for  flutter  analysis  based  on  trapezoidal  properties, 
in  accordance  with  derivation  assumptions  for  the  estimation  equations. 

Values  for  locations  341  through  345  may  also  be  input.  Location  340 
causes  the  geometry  routine  to  examine  these  locations  for  nonzero  parameter 
values  to  be  used  in  lieu  of  data  in  locations  241  through  246.  The  data  set 
in  340  through  345  may  be  used  also  to  specify  adjusted  planform  geometry 
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parameters  for  flutter  analysis,  particularly  location  343,  used  to  compute 
the  exposed  panel  length  for  flutter  requirement  estimates. 


Surface  Configuation 


Variable-Sweep  Wing  Designs 

Data  for  variable-sweep  wing  pivot  analysis  are  input  in  locations  195 
through  203,  with  location  200  as  the  control  data  for  module  execution. 
Columns  3 and  4 of  case  control  card  2 must  contain  control  code  value  of 
(01)  for  SWEEP  evaluation  of  pertinent  airloads  and  flutter  design  data. 
Flutter  requirement  evaluation  by  the  wing  and  empennage  module  consists  of 
determining  the  envelope  of  stiffness  requirements  between  the  flutter  design 
points  for  forward  and  aft  wing  sweep  positions.  Flutter  analysis  control 
word,  location  251,  must  be  specified  with  the  proper  value  by  the  user. 
Required  data  must  be  available  in  locations  252,  253,  and  254  for  the  for- 
ward position,  and  locations  320  through  324  for  the  aft  sweep  position. 

The  geometry  routines  of  overlay  (8,0)  compute  the  necessary  geometric' 
parameters  for  flutter  analysis  of  the  wing  in  the  aft  sweep  position.  * 


T-Tail  Empennage  Designs  i 

i 

Empennage  configuration  is  indicated  to  SWEEP  through  code  information 
in  columns  5 and  6 of  case  control  card  2;  T-tail  code  is  (01).  This  code 
will  cause  proper  evaluation  of  airload  and  flutter  analysis  data  for  the 
wing  and  empennage  module  evaluation  of  the  vertical  tail.  Input  data  for 
the  vertical  tail  must  contain  additional  information  for  module  analysis 
of  T-tail  vertical  tail  flutter  requirements.  These  are  input  in  locations 
310,  335  through  339,  and  357  through  360,  with  location  357  as  the  analysis 
control  word  for  T-tail  evaluation,  and  location  251  as  the  general  flutter 
evaluation  control  word.  Data  in  locations  252,  253,  and  254  must  be  avail- 
able, since  the  flutter  analysis  is  based  on  envelope  requirements  for  the 
vertical  tail  evaluated  as  a conventional  surface  and  as  a T-tail  vertical. 
The  T-tail  vertical  analysis  requires  estimates  for  horizontal  tail  yaw 
inertia.  One  of  two  methods  may  be  used  to  provide  the  proper  values  for1 
analysis.  Method  one  is  to  specify  the  value  through  input  data  location 
the  second  method  is  to  execute  the  horizontal  tail  so  that  the  cal- 
culated yaw  inertia  value  will  be  available  for  the  vertical  tail  analysis, 
lhis  option  will  be  executed  if  location  205  of  the  horizontal  tail  input 
data  array  is  specified  as  1.0,  and  location  360  of  the  vertical  tail  input 
data  array  is  set  to  zero.  Subroutine  W0DATA,  overlay  (17.0),  computes  the 
necessary  information  during  evaluation  of  the  horizontal  tail,  storing  the 
values  on  record  38  of  mass  storage  file  1.  Daring  the  execution  of  the 
vertical  tail,  subroutine  CCNTL,  overlay  (8,0),  processes  the  record  38  data 
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into  the  variable-data  array.  The  information  is  used  during  execution  of 
subroutine  GJTT  by  flutter  analysis  subroutine  GJCAL,  overlay  (16,0). 


Leading  and  Trailing  Edge  Structures 

Computations  for  weight  and  mass  distribution  information  are  made  by 
overlay  (14,0)  subroutines.  Estimation  procedures  are  programned  in  these 
subroutines  to  obtain: 

1.  Weights  and  centers  of  gravity  of  each  major  leading  and  trailing 
edge  structural  component 

2.  1-g  inertia  loads  - shears,  bending  moments,  and  torsional 
moments  - due  to  the  weight  distributions  of  the  leading  and 
trailing  edge  structures 

3.  Weight  inertia  characteristics  of  the  distributed  structures 

The  1-g  inertia  loads  are  used  during  execution  of  overlay  (16,0)  to  conpute 
initial  estimates  of  1-g  inertia  loads.  Data  resulting  from  items  1 and  3 
are  used  by  overlay  (17,0)  during  processing  of  module  output  data. 

Fixed  leading  and  trailing  edge  estimates  are  made  from  data  sets  in 
locations  1205  through  1234  and  1235  through  1279,  respectively,  organized 
into  separate  subsets  for  wing,  horizontal  tail,  and  vertical  tail  data. 

The  first  item  for  each  subset,  input  unit  wei^it,  is  the  control  location  to 
indicate  use  of  the  input  value  or,  if  the  value  is  zero,  to  estimate  the 
weights  based  on  data  found  in  the  other  locations. 

Input  data  sets  for  leading  edge  control  surface  device  descriptions  are 
in  data  array  locations  1500  through  1575.  Locations  1500  through  1529  are 
used  to  specify  device  type  and  position  of  three  devices.  The  control  word 
for  existence  of  a leading  edge  device  is  item  1 for  each  device.  Program 
estimates  for  the  specified  device  are  made  based  on  input  geometry  and 
statistical  constants  if  zero  is  specified  in  the  input  unit  weight  location, 
item  9.  Weight  estimation  constants  for  the  three  different  types  of  leading 
edge  devices  that  can  be  analyzed  are  in  locations  1530  through  1575. 

Trailing  edge  control  surface  device  data  sets  are  in  data  array  loca- 
tions 1580  through  1819,  consisting  of  subsets  for  device  type  and  location 
specifications,  weight  estimation  constants,  and  weight  distribution  con- 
stants. Spoiler  types  are  defined  in  locations  1580  through  1609,  with 
item  1 as  the  control  word  for  evaluation,  and  item  8 as  the  control  word  for 
statistical  weight  estimation.  Locations  1610  through  1729  are  organized 
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into  six  subsets  of  20  items  each  for  specifying  the  flap-type  devices. 

Subsets  1 through  4 are  used  for  wing  analysis;  the  first  three  for  flaps, 
and  the  fourth  set  to  be  used  to  identify  ailerons  or  flaps.  Elevators  for 
horizontal  tails  are  defined  with  the  fifth  set.  The  sixth  set  is  used  for 
vertical  tail  rudder  descriptions.  Item  2 of  each  set  is  used  as  the  control 
location  to  identify  existence  of  a device.  Item  19  is  the  input  unit  weight 
location  which  determines  if  program  statistical  estimates  are  to  be  male. 
Weight  estimation  constants  for  all  device  types  are  in  locations  1730  through 
1794.  Locations  1795  through  1819  contain  constants  for  breakdown  of  flap- 
type  weights  into  panel  and  support  conponents  and  for  estimates  of  chordwise 
distributions  of  support  weights. 


Miscellaneous  Structure  and  Deadweight  Mass  Items 


Computations  for  weight  and  mass  distributions  of  miscellaneous  structures 
and  dead  weight  mass  items  are  made  by  overlay  (15,0)  subroutines,  except  for 
secondary  structure  weights  which  are  derived  during  computations  of  the 
torque-box  weights.  The  output  requirements  for  overlay  (15,0)  are  the  same 
as  those  for  overlay  (14,0);  they  are  used  by  the  same  downstream  subroutines. 


Secondary  Structure 

Estimated  weights  for  secondary  structural  provisions,  fillets,  exterior 
finish,  doors,  etc,  are  assumed  to  be  a fractional  amount  of  the  estimated 
outer  panel  weight.  Location  603  contains  the  weight  factor  value  used  to 
compute  this  weight.  The  spanwise  distribution  is  assumed  to  be  proportional 
to  the  torque-box  weight  distribution. 


Tip  Structure 

lip  panel  weights  for  the  surface  are  estimated  if  the  value  in  data  array 
location  139  is  less  than  1.0.  The  data  set  in  locations  1955  through  1969 
is  used  in  the  statistical  estimation.  Subroutine  MISCNT,  overlay  (15,0),  com- 
putes the  necessary'  information  for  tip  structures  from  this  data  set. 
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Internal  Fuel 

Internal  fuel  and  fuel  system  descriptions  are  defined  by  data  in  locations 
206  through  219.  The  necessary  computations  are  made  by  subroutine  FDIS, 
overlay  (15,0).  Two  fuel  cells  can  be  located  within  the  torque-box.  Full- 
capacity  fuel  cell  mass  distributions  are  estimated  first  and  scaled  into 
required  design  level  values  for  airload  and  inertia  calculations.  Data  in 
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locations  89  through  97  and  159  through  166  are  used  to  determine  fuel  cell 
content  inertia  data  for  net  design  loads  calculations. 

Data  in  locations  272  and  273  are  used  to  specify  fuel  cell  loads  for 
computations  of  mass  distribution  data  for  the  Flexible  Loads  Analysis  Pro- 
gram. Location  276  and  211  are  used  for  Flutter  Optimization  Program  data 
calculations.  These  items  are  processed  during  execution  of  subroutines  WFLDD 
and  WVFDD,  overlay  (17,0). 


External  Concentrated  Mass  Items 

Subroutine  CDL,  overlay  (15,0),  processes  the  input  data  sets  used  to 
describe  concentrated  mass  items. 

Seven  external  concentrated  masses  can  be  described  through  data  array 
locations  1855  through  1938.  Twelve  locations  are  used  for  mass  item;  the  first 
four  locations  are  weight  and  location  data,  the  other  eight  are  used  for  mass 
inertia  calculations,  if  required.  The  mass  weight  data  are  used  as  the  con- 
trol word  for  each  set.  Mass  items  1 and  2,  locations  1855  through  1878, 
define  the  masses  to  be  treated  as  expendable  items.  Inertia  load  effects 
for  computations  of  net  design  airloads  are  controlled  by  data  in  locations 
98  through  101  and  167  through  174. 

Inertia  effects  for  mass  data  calculations  for  the  Flexible  Loads  Analysis 
Program  and  the  Flutter  Optimization  Program  are  controlled  with  data  in 
locations  274  and  275,  and  278  and  279,  respectively.  Subroutine  CDL  computes 
the  required  mass  distribution  information  which  is  ordered  for  output  for  the 
Flexible  Loads  Analysis  Program.  Mass  distribution  effects  of  concentrated 
mass  items  are  etermined  by  subroutine  WVFI?D,  overlay  (17,0),  from  the  output 
of  CDL  and  the  control  information  in  278  and  279. 


Miscellaneous  Internal  Contents 

Internal  mass  items  other  than  structure,  fuel,  and  fuel  systems  are 
processed  by  subroutines  MISCNT  and  MISCIT,  overlay  (15,0).  Input  specifications 
for  internal  mass  items  are  described  in  locations  1820  through  1854.  Mass 
data  described  by  this  data  set  is  used  for  inertia  loads  and  mass  inertia 
calculations.  Three  data  subsets  are  available  for  describing  the  mass  and 
distributions.  The  first,  location  1820,  defines  uniformly  distributed 
weights  within  the  torque-box.  The  second,  locations  1821  through  1836,  is  for 
describing  items  that  may  be  approximated  as  distributed  weights  along  span- 
wise  lines  such  as  control  surface  actuation,  controls,  and  power  lines.  TVo 
sets  of  distribution  lines  are  provided  for;  each  set  requiring  weight, 
distribution  line  position,  and  spanwise  weight  distribution  specifications. 
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The  third  set,  locations  1837  through  1854,  is  used  to  specify  weight  and 
locations  for  up  to  six  concentrated  masses,  such  as  large  control  surface 
actuators  and  fittings. 


Structural  Design  Data 
Deadweight 

Structure  weight  and  mass  distribution  calculations  are  always  made  by 
the  module.  The  surface  weight  value  to  be  used  during  the  initial  calcula- 
tions can  be  specified  with  location  144.  Distribution  factors  for  this 
weight  are  in  111,  112,  and  113.  The  control  word  in  location  110  is  used  to 
specify  whether  or  not  deadweight  data  are  to  be  used  during  calculation  of 
net  design  loads. 

Subroutine  FD1S,  overlay  (15,0)  uses  the  information  in  location  144  to 
compute  initial  torque-box  weight  distributions,  necessary  for  estimates  of 
total  structure  inertia  loads.  This  output  is  used  by  overlay  (16,0)  during 
computations  of  initial  design  loads.  Final  torque-box  weight  distributions 
are  determined  from  the  synthesis/weight  analysis  results  - overlay  (10,0)  for 
metallic  torque-box  structures,  and  overlay  (18,0)  for  advanced  compos ite 
to.  'ue-box  structures.  Mass  distribution  characteristics  of  the  torque-box 
are  determined  in  overlay  (17,0). 


Torsional  Flutter  Requirements 

Module  calculations  of  flutter  stiffness  requirements  are  controlled  with 
data  in  locations  251  through  254,  312  through  318,  320  through  324,  and  335 
through  360.  The  flutter  analysis  control  word  is  in  251.  Design  stiffness 
values  for  the  11  structural  analysis  stations  can  be  input  using  locations 
346  through  356.  Flutter  analysis  results  can  be  scaled  using  data  in  loca- 
tions 312  and  313  through  316,  or  input  of  scaling  factors  for  each  station 
in  locations  346  through  356. 

Flutter  requirement  estimates  are  made  during  execution  of  subroutine 
GJCAL,  overlay  (16,0).  Output  from  this  routine  consists  of  the  design 
values  for  required  torque-box  torsional  stiffness,  GJ,  used  by  the  structure 
synthesis  subroutines  in  overlays  (10,0)  and  (18,0).  Geometry  and  pertinent 
design  information  are  computed  and  processed  by  subroutine  GE0MW,  overlay 
(8,0) , for  use  by  GJCAL. 
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Design  Loads 

Airloads  data  for  module  analysis  can  be  defined  by  three  options: 

1.  Analysis  by  the  SWEEP  airloads  module  or  input  through  the 
WHV  LOADS  data  deck 

2.  Module  calculations  of  required  airloads  data 

3.  Input  of  design  load  values  in  the  component  input  data  deck 

The  first  option  requires  no  data  inputs  in  the  component  data  deck  except 
for  a control  word  in  location  205  to  indicate  the  type  of  loads  data  process- 
ing to  be  used.  The  second  option  requires  appropriate  data  in  locations  205, 
255,  256,  257  and,  as  required,  in  locations  232  through  239.  The  data  set 
in  locations  220  through  231  is  used  to  define  concentrated  airloads  data  at 
two  locations  on  the  planform,  if  applicable.  Load  values  computed  from  this 
data  set  are  additive  to  the  values  computed  from  distributed  airloads.  In  the 
third  option,  design  values  for  airloads  are  input  using  the  data  set  in  loca- 
tions 260  through  270,  686  through  719,  and  1019  through  1040.  Input  of 
torque-box  average  load  intensities  instead  of  shears  and  moments  can  be  made 
with  data  in  locations  953  through  1007.  These  data  are  processed  under  con- 
trol of  the  code  value  in  location  686.  Use  of  this  option  results  in 
replacement  of  SWEEP  or  module  calculated  loads  data  with  the  input  values. 

All  calculated  or  input  load  values  are  assumed  to  be  for  the  limit  load 
condition.  Computed  net  design  loads  are  factored  with  the  value  found  in 
location  122  to  derive  ultimate  design  loads.  The  synthesis  and  stress  analy- 
sis procedures  are  based  on  ultimate  loads  and  stress  allowables. 

Design  airloads  information  is  processed  initially  by  subroutine  AL0AD, 
overlay  (16,0).  For  metallic  torque-box  analyses,  subroutine  PR0G,  overlay 

(9.0) ,  controls  the  computations  for  torque-box  design  loads.  Design  loads 
for  advanced  composite  analysis  is  processed  by  subroutine  ACL0AD,  overlay 

(18.0) .  Subroutine  ACPR0G  of  this  overlay  controls  the  computations  for 
torque-box  design  loads. 

The  constants  in  locations  931  through  952  are  cover  conpression  and 
tension  load  calibration  factors.  Computed  cover  load  intensity  values  are 
multiplied  by  these  factors  to  account  for  the  crowning  effects  of  the  true 
torque-box  section  relative  to  the  assumed  average  rectangular  torque-box 
section.  Factors  for  shear  load  on  the  front  spar  and  rear  spar  are  in  loca- 
tions 842  through  863.  These  data  items  are  used  by  the  structural  synthesis 
subroutines  in  overlays  (10,0)  and  (18,0). 
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Torque-Box  Design  Synthesis 


Data  sets  used  for  definitions  of  torque-box  design  are  in  locations  361 
through  470,  521  through  528,  597,  598,  599,  650  through  671,  and  721  through 
830.  Some  of  the  more  important  data  items  in  these  locations  are  discussed 
in  the  following  paragraphs.  Overlay  (9,0),  (10,0),  and  (18,0)  subroutines 
use  these  inputs  during  the  synthesis/weight  an  /sis  calculations. 


Construction  Concepts 

The  torque-box  construction  concept  for  metallic  design  is  specified  by 
code  word  in  locations  361  and  461.  Location  361  specifies  the  stringer  type 
to  be  used  for  multirib  designs,  while  location  461  specifies  multispar/ 
plate  or  multispar/honeycomb  panel  designs.  Multirib  analysis  requires  that 
location  461  be  zero  and,  for  multispar  designs,  locations  361  should  be  set 
to  2.0.  The  values  in  locations  365,  366,  and  375  through  384  must  be  com- 
patible with  the  construction  concepts.  These  items  are  organized  for  multi- 
rib designs.  In  the  multispar  analysis,  data  assigned  for  ribs  and  stringers 
pertain  to  intermediate  spars;  the  webs  are  defined  by  rib  data,  and  the  caps 

are  defined  by  stringer  dat?..  The  value  in  location  382  is  the  number  of 

stringer  or  intermediate  spar  elements,  with  internal  arrangement  specified 
by  the  code  value  in  location  383. 

The  control  code  in  location  367  indicates  if  the  analysis  will  be  made 
using  data  input  in  locations  721  through  808.  Multispar/honeycomb  panel 
data  are  defined  in  locations  462  through  468. 

Advanced  composite  construction  concepts  are  specified  in  locations  430 
through  438.  Data  in  locations  375  through  384  and  399  are  used  for  multirib 

analysis,  and  data  in  locations  380  through  383  and  399  are  used  for  multispar 

plate  and  honeycomb  panel  designs.  The  honeycomb  panel  data  in  locations  462 
and  464  through  468  also  are  used  for  the  multispar  honeycomb  panel  analysis. 
Analysis  of  advanced  composite  full-depth  honeycomb  sandwich  structures 
requires  bond  density  value  in  location  464.  The  control  value  in  loca- 
tions 361  and  461  should  be  compatible  with  the  construction  concept  code 
specified  in  locations  430  and  431  for  advanced  composite  analysis. 

Support  structure  concepts  for  metallic  designs  are  limited  to  corrugated 
sine  wave  webs  for  ribs  and  intermediate  spars,  and  stiffened  plate  webs  for 
the  front  and  rear  spars.  Data  for  these  components  are  specified  in  loca- 
tions 400  through  406  for  ribs  and  intermediate  spars,  and  410  through  426 
for  the  front  and  rear  spars.  Corrugated  web  or  honeycomb  panel  concepts  can 
be  specified  for  advanced  composite  structures,  using  construction  code  values 
in  locatioas  435,  436,  and  437.  Honeycomb  panel  core  thickness  for  these 
structures  are  defined  in  locations  457,  458,  and  459,  respectively.  Data  in 
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locations  427  and  428  are  needed  for  the  front  and  rear  spar  advanced 
conposite  analysis.  Advanced  composite  intermediate  spar  cap  areas  are 
derived  from  cover  skin  thicknesses  based  on  the  factor  in  location  429. 


Torque-Box  Analysis  Constants 

Minimum  gage  values  for  metallic  analysis  are  in  locations  370  through 
374  and  394.  The  constants  in  locations  61,  1472,  1479,  and  1480  are  used 
as  minimum  thickness  values  foi  splice  and  bulkhead  calculations.  Minimum 
gages  for  advanced  composite  structures  are  based  on  minimum  laminate  layup 
consisting  of  eight  layers  of  lamina.  Lamina  thickness  is  specified  in  data 
location  1162  as  part  of  the  material  properties  data  set  for  advanced  com- 
posite analysis.  Locations  440  through  443  are  the  minimum  number  of  0-degree 
plies  to  be  used  for  upper  and  lower  cover  stringer  designs. 

Stability  equation  constants  for  metallic  analysis  are  as  follows: 

• Locations  362,  363,  364  - Plate  buckling  coefficients  for  cover 
design 

• Locations  408  and  409  - Sheet  crippling  coefficients  for  cover  design 

• Location  407  - End  fixity  coefficient  for  skin-stringer  colunns 

• Locations  401  and  402  - Local  and  general-stability  coefficients  for 
rib  and  inte mediate  spar  webs,  sine  wage  corrugation 

• Locations  550  through  573  - Table  of  plate  aspect  ratio  versus  stabil- 
ity coefficients  for  evaluation  of  shear  stress  allowables  for  front 
and  rear  spar  webs 

Stability  coefficients  for  all  advanced  composite  plates  and  webs,  except 
stringer  elements,  are  analysis  routine  constants  or  derived  values.  Stringer 
element  coefficients  are  in  locations  598  and  599. 


Ultimate  Allowable  Stresses 

Ultimate  allowable  stress  cutoff  values  for  metallic  designs  can  be 
specified  in  terms  of  actual  stress  values  or  fractions  of  the  material  ulti- 
mate stresses.  Data  locations  for  input  of  these  values  are  385  through  388, 
398,  412,  and  413.  Cutoff  stresses  for  advanced  composite  analysis  can  only 
be  specified  by  adjustments  of  ultimate  stresses  specified  for  0-degree 
lamina  in  locations  1159,  1160,  and  1161. 
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Weight  Calibration  Factors 


The  final  estimated  weights  for  lifting  surfaces  are  conputed  by  the 
application  of  weight  factors  to  derived  weights  for  each  of  the  major 
structural  components  of  the  surface.  Specified  coefficients  are  first 
applied  to  the  structural  elements  assigned  to  these  components.  The  total 
sun  of  all  the  major  components  is  then  adjusted  by  a single  total  surface 
coefficient,  specified  in  data  array  location  250. 

The  major  structural  components  and  the  weight  coefficient  data  locations 
are  listed  in  the  following  paragraphs.  Data  sets  containing  element  weight 
coefficients  are  also  identified. 


Torque-Box  Structure 

The  coefficient  value  in  location  600  is  applied  to  the  outer  panel 
torque-box  weight.  This  coefficient  is  not  applied  to  the  incremental 
weights  necessary  to  satisfy  flutter  stiffness  requirements.  Torque-box 
element  coefficients  are  in  locations  604  through  627.  Shear- tie  weight 
factor  is  in  520.  Locations  1288  through  1294  contain  weight  factors  for  the 
structural  attach  weights  conputed  for  the  seven  external  concentrated  masses. 
The  data  set  in  locations  650  through  660  is  used  to  indicate  locations  of 
major  bulkhead':  and  as  weight  factors.  Locations  1088  through  1107  contain 
individual  panel,  weight  factors  and  input  incremental  weights  for  calibration 
of  torque-box  weight  and  panel  distributions. 


Pivot  Structure 

The  data  set  in  locations  530  through  536  contain  weight  coefficients  for 
the  pivot  structures.  Location  530  is  the  total  pivot  factor. 

Center-Section  Structure 

Locations  481  through  505  contain  the  center-section  weight  coefficient 
data  set.  The  total  center- sect  ion  factor  is  location  481.  The  other  factors 
are  organized  and  used  in  the  same  manner  as  the  outer- panel  torque-box  data. 


Leading  Edge  Structure 

The  total  leading  edge  structure  weight  coefficient  is  in  location  601. 
Individual  fixed  leading  edge  factors  for  wing,  horizontal  tail,  and  vertical 
tail  are  in  1206,  1216,  and  1226,  respectively.  Weight  factors  for  the  three 
controL  surface  devices  that  may  be  specified  are  in  1509,  1519,  and  1529. 
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Trailing  Edge  Structure 

The  total  trailing  edge  structure  weight  coefficient  is  in  location  602. 
Individual  fixed  trailing  edge  factors  for  each  surface  type  are  in  1236, 
1251,  and  1266.  Spoiler  coefficients  are  in  1588  and  1603;  wing  flap- type 
control  surface  coefficients  are  in  1629,  1649,  1669,  and  1689;  elevator 
coefficient  is  in  1709;  and  rudder  coefficient  is  in  1729. 


Tip  Structure 

Location  1956  contains  the  weight  coefficient  for  surface  tip  structure. 


Secondary  Structure 

Location  603  contains  the  weight  coefficient  for  secondary  structures. 
Secondary  structure  weights  are  estimated  with  this  factor  applied  to  the 
total  weights  computed  for  the  surface,  before  application  of  the  specified 
total  surface  factor  in  location  250. 
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M3MLK  STRUCTURE 


The  overlay  subroutine  structure  for  each  overlay  of  the  wing  and  enrpen- 
nage  module  is  shown  in  Figures  2 through  9.  These  overlays  are  presented  in 
the  general  order  of  execution.  The  order  of  subroutine  execution  by  the  pri- 
mary control  routine  is  left  to  right.  Table  2 contains  names  and  short  des- 
criptions of  the  subroutines  required  in  each  overlay. 


MODULE  EXECUTION 

SWEEP  is  restricted  to  operate  as  a two-leve!  overlay  program,  thus,  the 
wing  and  empennage  module  overlays  are  executed  as  chain  programs.  SWEEP  con- 
trol program  0LAYOO  contains  the  necessary  logic  for  execution  of  all  module 
overlays.  Horizontal  tail  surfaces  are  analyzed  first,  followed  by  analysis 
of  vertical  tails,  and  last,  the  wing.  The  internal  control  codes  used  by 
0LAYOO  to  determine  if  each  surface  is  to  be  analyzed  is  stored  in  locations 
2,  5,  and  6 of  array  IFL,  labeled  common  block  IFL0W.  (Table  8,  Volume  II, 
"Program  Integration  and  Data  Management  Module") . The  contents  of  these 
cells  are  as  specified  in  columns  72,  75,  and  76  of  case  control  card  2 
(Table  4,  Volume  II).  0LAYOO  stores  the  proper  code  value  used  to  identify  the 
surface  type  being  analyzed  in  location  2 of  array  XMISC. 

» 

Program  0LAYOO  also  selects  the  torque -box  structural  synthesis/weight 
analysis  overlays  to  be  executed  for  the  surface  - overlay  (9,0)  and  (10,0) 
for  metallic  designs,  and  overlay  (18,0)  for  advanced  omposite  designs. 
Execution  is  dictated  by  the  contents  of  IFL  array  locations  11  through  13, 
as  specified  by  input  control  codes  on  case  control  card  2,  columns  39 
through  44. 

Program  0LAYOO  prints  module  execution  heading  data  for  each  surface  ana- 
lyzed if  directed  by  print  control  code  in  column  40  case  control  card  1 
(Table  3,  Volume  II).  The  printed  heading  identifies  the  surface,  the  gen- 
eral torque-box  material  type,  and  the  module  overlays  to  be  executed. 


EXECUTION  OF  METALLIC  TORQUE-BOX  DESIGN  OVERLAYS 

The  metallic  torque-box  analysis  overlays  (9,0)  and  (10,0)  are  executed 
in  tandem.  Overlay  (10.0)  is  executed  under  control  of  subroutine  TB0PT  in 
overlay  (9,0).  The  function  of  overlay  (10,0)  is  to  synthesize  torque-box 
structure  and  evaluate  the  structural  weight  requirements  to  given  sets  of 
criteria  specified  by  subroutine  TB0PT.  The  analysis  loops  for  gross  weight 
passes  and  deadweight  iterations  are  controlled  in  the  logic  the  between  sub- 
routines PR0G  and  TB0PT  of  overlay  (9,0).  Overlay  (10,0)  is  executed  based 
on  these  controls  plus  the  optional  optimization  loop  control  by  TB0PT. 


67 


68 


Figure  2.  Overlay  (8,0)  - input  data  processing  and  geometry  analysis. 


WLETE 
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Overlay  (14,0)  - leading  and  trailing  edge  ^ cinctures , weight  and 
mass  properties  analysis. 
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Figure  4.  Overlay  (15,0)  - fuel,  contents  and  concentrated  masses,  weight  and 

mass  properties  analysis. 
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Figure  5.  Overlay  (16,0)  - design  data  for  torque  box  analysis. 
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Figure  6.  Overlay  (9,0)  - torque-box  structural  synthesis/weight  analysis  for 

metallic  designs  - No.  1. 
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Figure  7.  Overlay  (10,0)  - torque-box  structural  synthesis/weight 
analysis  for  metallic  designs  - No.  2. 
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Figure  8.  Overlay  (18,0)  - torque-box  structural  synthesis/weight  analysis  for 

advanced  compos ite  designs. 


Figure  9.  Overlay  (17,0)  - data  generation  and  output  data  processing 
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TPINT  17  PARABOLIC  CURVE  FIT  AND  EVALUATION 

MH.DD  17  HASS/DESIGN  DATA  CALC/OUTPUT  FOR  FLEX  LOADS  PROGRAM 

MX) A TA  17  WINGyH *V  ANALYSIS  OUTPUT  DATA  CONTROL 

WVFDD  17  MASS/DESIGN  DATA  CALC.  FOR  FLUTTER  OPT.  PROGRAM 


The  TB0PT  logic  requires  six  calls  to  subroutine  CNSTR,  the  basic  control 
routine  for  overlay  (10 ,0) , with  mandatory  returns  to  the  appropriate  parts 
of  TB0PT.  The  chain-type  overlay  structure  and  the  position  of  TB0PT  relative 
to  the  SWEEP  control  program  results  in  the  use  of  a status  code  word  to  con- 
trol the  logic  flow  from  TB0PT  to  CNSTR.  Location  39  of  array  XMISC  is  used 
to  store  control  code  values  to  be  used  to  control  the  path  to  be  followed  dur- 
ing the  calls  to  and  returns  from  CNSTR. 

The  calls  CNSTR  from  TB0PT  require  that  control  be  returned  to  subrou- 
tine PR0G,  which  returns  to  program  0LAY9  and  then  to  SWEEP  control  program 
0LAfOO  before  overlay  (10,0)  can  be  loaded  and  subroutine  CNSTR  executed.  The 
return  from  CNSTR  follows  the  same  pach.  The  logic  path  in  0LAYOO,  PR0G,  and 
TB0PT  is  dictated  by  the  code  value  in  XMISC  (39). 


NODULE  STORAGE  ARRANGEMENT 
BLANK  COMMON 

Data  computed  by  wing  and  empennage  module  subprograms  are  primarily 
stored  in  blank  common.  The  blank  conrnon  block  in  each  overla>  is  blocked 
into  six  primary  regions,  each  assigned  array  names  as  shown  in  Table  3. 

Access  to  all  data  cell  locations  in  blank  common  is  made  through  direct  refer- 
ences to  these  arrays  or  through  subarray  and  variable  names  equivalenced  to 
these  arrays. 

The  D array  is  used  to  store  case  input  data.  Array  ND  contains  integer 
constants  and  variables.  The  T,  CD,  TW,  nd  CT  arrays  are  used  for  storage  of 
calculated  data;  each  array  is  organized  into  data  sets  arranged  either  for  the 
data  requirements  of  downstream  overlays  or  the  storage  requirements  for  the 
subroutines  within  that  overlay.  Core  maps  for  these  arrays  can  be  found  in 
Sections  III  through  V. 


MODULE/OVERLAY  DATA  REQUIREMENTS 

* 

The  primary  method  of  data  transmission  from  overlay  to  overlay  is 
through  blank  common.  Mass  storage  file  records  are  only  used  to  transmit 
computed  data  that  cannot  be  saved  in  blank  common. 


Blank  Comnon  Initialization 


The  procedure  used  to  load  overlays  into  core  for  execution  uses  the 
PPL0ADLR,  which  is  in  the  blank  common  region  during  the  loading  of  overlay 
subprograms.  The  contents  of  blank  comrcn  are  saved  by  the  exiting  overlay 
program  by  the  BUFFER  0UT  instruction.  Blank  common  is  reset  by  the  incoming 
overlay  program  by  the  BUFFER  IN  instruction.  File  TAPE24  is  used  as  the  stor- 
age medium  for  blank  common. 
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Table  3.  OVERLAY  BLANK  C(M»I0N  REQUIREMEN' 
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Input  Data 


Input  data  for  the  wing  and  empennage  module  consist  of  the  following: 

1.  Variable  data  for  each  surface  which  are  input  through  input  data 
decks  WING,  HORIZONTAL,  and  VERTICAL,  Data  from  these  decks  are 
merged  into  the  data  sets  containing  default  values  for  each  surface. 
These  defaults  are  initialized  from  the  SWEEP  permanent  data  bank. 

2.  Design  variables  computed  by  previously  executed  SWEEP  modules  - the 
data  management  and  the  flutter  and  temperature  modules.  Subroutine 
CCNTL,  overlay  (8,0),  processes  the  appropriate  surface  data,  stored 
on  mass  storage  file  1,  records  21  and  38,  into  the  D array  before 
problem  execution. 

3.  Program  constants  for  airfoil  cross-section  and  flutter  analysis,  data 
values  from  the  SWEEP  permanent  data  bank,  stored  on  records  36  and 
37,  mass  storage  file  1. 

4.  Material  properties  for  metallic  designs,  contained  in  the  material 
properties  library  of  the  SWEEP  permanent  data  bank.  Library  infor- 
mation is  obtained  as  required  from  records  41  through  60  of  mass 
storage  file  1. 

5.  Execution  and  design  information  stored  in  SWEEP  labeled  common 
blocks  MISC  and  IPRIMT. 


Output  Data 

The  primary  output  of  the  wing  and  empennage  module  consists  of  group 
weight  anu  balance  results  fo~  the  surface  being  analyzed.  The  computed  data 
required  by  SWEEP  module  output,  overlay  (13,0),  are  stored  in  array  FDAT, 
Labeled  common  block  FDATT.  Computed  weights  for  each  surface  are  also  sum- 
marized and  printed  by  subroutine  W0DATA,  overlay  (17,0).  The  primary  weight 
summary  data  for  each  surface  are  shown  in  Figures  10  through  12. 

Data  for  input  to  the  stand-alone  Flexible  Load  Analysis  Program  and 
Flutter  Optimization  Program  are  output  as  punched  output  on  data  cards  or  as 
printed  output. 


Mass  Storage  File  Records 

Mass  storage  file  records  used  by  the  wing  and  empennage  module  are 
listed  in  Table  4.  Pertinent  information  for  each  record  is  presented  in 
this  table. 
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Figure  10.  Weight  summary,  wing  group. 


. -**-  TjT*L  SC"F  -**--rtJT  FP  »-i\'FL-ft*-  -••-CFNTFR-StCHOK-fti- 

ghii  0*121  cum  Gwtn  cw  12 1 gwi«»  r«m  &wi2i  ghi3» 

•♦IOR&UE-feGXi*  0.0  ;*04fc.l  C.C  O.C-  ;U14.C'  O.C  C.O  243&.2  0.0 


oooo 

oooo 

oooo 

o © o 

o o o 

o 

oooo 

<3000 

• • • • 

• • t • 

• • « • 

• • • 

• * » 

• 

• • • * 

oooo 

oooo 

oooo 

o o o 

o o o 

c 

oooo 

1 

• 

• 

t 

UJ 

oooo 

• 

*- 

X 

• 

o m c « 

P «•  il  »y 

4 X>  O P 

04  u.  C 

lb  C N 

X 

O <f>  o»  m m 

4/1  © cn  **,  n 

• • • 1 

« • • • 

• « • • 

• • • 

• • « 

• 

G • • • • 

a * • * • 

rU  <ft  f»  IT 

«*)  fl  ^ (A 

N P O f* 

Pi  A p 

« o « 

f* 

ui  rx  •*  in  oi 
In  x N if 
IS  f f oo 
2 "X  «\l 

-J 

M4 

X O X X) 

«4  rS  y'  •* 

O'  tfl  m 

XiJiM 
«4  <M 

•#  o m 

*Ti  <X  O i 

o * 

•Nl 

f»  -«  4 

4 

a © 

0 «n 

• 

CO 

Jj 

a o c c 

oooc 

oooo 

o o o 

coo 

o 

X o o c o 

M occ  0 

• • • « 

• « • • 

• • • • 

• • 1 

. • • 

• 

dL  • • • ♦ 

(]L  I I • 1 

O O c w 

oooc 

o c o o 

O c O 

oca 

c 

•*  o © c © 

• 

» 1 

coco 

I 

OOOO  OOOC.  COCO  O O C O o o 

o o o c oooc  w o C u o C c o o o 


u:  a • » z 

k <*  b-, «/»  < 

WI  _I  Of  2ft 

a.  u.  o I 

G ^ Jt  a 

uJ  • W <u 

X .4.  W -J  H a 

Ml  I A.  H«  U. 

tlK  v.  «(  u> 


O C © 
# • • • 

© O © o 


fX  1%  rfV  4 

iv  if  f in 

< 

*4 

if  0 

»n  *4  ^ 

PI  (V  PN 

y.  c 

t # • • T Zj  i*'  4 

• III 

• • 

• • 

• 

• 

• • 

• • • 

• • • 

• • 

1 0 • • • 

• 

IX  <4  i«  C 

$ .M 

in  r- 

if 

G 

ft  III 

p-  IM  X 

y'  0 in 

.>•  a 

> JO  Pi  n*' 

© 

x «*•  © © 

»*  c 

«/'  fM 

w 

m c 

C -S  4 

4 if  O 

Aj  u 

a a.  j ••!  f- 

>0 

o-  tr  <x 

•*  7* 
f-  X’ 

’O  u 

* 

Pi 

4 

c* 

4 -4. 

C*  p Jf 

UP  p 
H Mi 

fO 

« 111  0 0 

f?*- 

4 J 

Wl 

0 c c o 

G G 

C w 

c 

mt 

- ■-> 

w © w 

G C C 

->  0 

O k»  w 

© 

• • • • 

• • 

1 • 

• 

• 

• 1 

• • • 

• • • 

• • 

1/1  • • • 

• 

0 c c c 

c © 

0 t 

c 

© 

G G 

0 © © 

0 0 c 

© G 

1/1  00c 

0 

O w C C O C c 


C>  w 3 C C O O COO  U O O C v O o c o o 

fill  • • • I I I I I I I I I h I • • • 

o w u C O © C O o c*  w O © © 


H O it  C ^ «J  v >4 
Iff*  •••« 

p | <4  » * <v  «n  w © »'i 

0 >1  ~ 3 C X 

•£>  C <o  iA  j.  is  J 4, 

JT  w ■ Ox  h*  if  I m» 


C f*  X J *•'  4i 

fill  ill 

*>•«*'  P.  *V  II 

J ~ *t  o .*»  <n 

^ t.  y i/  o«0 

X i%  m* 


p*  O'  *n 

0 © 

G JL- 

0 ^ 

0 

0 

X M/  C. 

0 

• • • 

• • 

u • 

• • 

• 

u 

• • • 

• 

X © m 

J-  +* 

«ftf 

0 

0 

0 

01  y r • 

© 

oj  if . r- 

C 1^1 

4* 

or 

JO  M X 

P|  Ml  Mi 

X 

0 <» 

IM  H H 

a 

a 


o co  o 

• I I I 

o © © o 


r o o c 
• • • • 
OOOC. 


c c o o 

• III 

C C G O 


o o o 

• • • 

GO© 


o o o co 

• • # • I 

O © U © G 


V o o o o 
T • • • • 
» o c © o 

# 


o o o o 
• • • • 
©coo 


> -■> 
o 

u*  • • 
zoo 

fllNQC  V) 
Ui  ^ H M 

A.  i/l  i/I  * 


A XU. 

& X)  • U 
* X UJ  U | 

2°*  25 
$ IS 


# # * 

• Ml  04  t*S 

X 

pill 

•^Bsa 

§>•>3 


• • » • 

of  x>  ./»  < 

• • . < 

«x  u.  JC  X 

NNVN 
• • • -I 

"»  j 's 


85 


t 

£ 


* 


* 


U I ft 

Z - 


u»  ^ 


uo  r 

x 


► 

«k 

i 


* 

o i 
- i 
i.  i 


• • • • 

«h<i  ® 

«*  * 


ooooo 
• • 1 • • 
OOOOO 


j 

V* 

1 

4HIAAOO 

! ft  * o o ft 

• 

| N I I 1 • 

• •III 

1 Jnmoo 

00  ft  9*\  ft  ® 

• 3 «r  ^ 

04  ft  ft  **  tSi 

0 0 4 4 

CMIftft 

N 0 

• H H 

M M 

«J 

H WO 

* — c o o o 

o o o c o 

a u. 

H • • • • 

• • < • • 

*-  o 

— c o o o 

o c o o o 

v w 

X 

-J  _J 

o 

14  LL 

1 

ft 

• 

ft 

— o o o o 

ooooo 

ft 

n • • i • 

• • « • 1 

o o 

1 

— c o o o 

ooooo 

• • 

I& 

X 

o c 

H 

• 0} 

a: 

a 

It  .1 

T 

c 

O •£ 

►H 

t ~ f~  F~  O O 

« if.  » O'  -a 

Nl  »F 

*- 

1 

| t>4  • t • • 

• •III 

2 2 

.J 

ft 

• — » w-  o c 

1 f\*  *\  in  (*■  n. 

4 1 

D 

ft 

O X C 3 

* O • « N 0 O 

Z 

ft 

• J — ~ 

# 

o o 

N 

ft 

u 

1 

o c 

Z 

1 

• 

i/1 

»'  o 

> 

4 

X 

X 

X 

✓.  ft 


ccuo  l-OOCOC. 


~ c ~ c o 
o 


•-  4*  • 

X **'  n C C o 

c.  » w • • • 

^ x • o o 

a.  I O 

X 1 

*-  ~ I^u 

-J  X "•  u.  — C 

< u - « • • 

r ^ ^ w 

h X 

* r-  **  C w O 

* 2 J c G 

* :.  o 

i * 


c c o o c 


o 

a 

r 

a 

0 

o ~ a c o 

-J  • • • • • 

UJ  c ^ o c c 

2 

< 

1 j *J  >n  ii‘  i) 

* i.  i 

jr  • • • • • 

a.  £-*;«!•  C 


a 

i c c 

# • • 

# & w o o 


I 


G O C 

c 


rsrf  -h 
H II 


Z 2? 

♦ I 


w C 


X X 

w w 
_J  w 
»- 


^ G J w 
.•■»•••• 


-I  _ I 
**  al  I 

< a.  i 


x 

-j  — 

< z 


I u. 
ft 

ft  »*.  -j 
ft  wi  (/ 
I ^ «* 
vj  O 


* G 

> 


r * ^ ^ u k.. 


►-  o ^"l  ^ 

-?  w ' 

WF 

ii  * j o c 

1 H I • • 

ft  — G w J 

X 


J >- 

^ w C ^ ^ ^ v •• 

• !(••«■  C G 

G-~_CGGC  wG 

« H 

\ -"X  r,  n O l n .1 

H ^ >1  ~ — — 

* ft  X > 

W W 

- ->  G C G G J 

• ••♦•••  O •_, 

G — w w w • • 


f^  l/i  If) 


✓> 

u 


'*  4 

« f-4 

u u 


# *f  ft  ft 
-J  -J  u ►- 
Z u-  G 
^ A wo  > 

Jf  I N 

P»  O W X 

ft  ft  # ft 

ft 

ft 


\ \ s > \ ^ 

x • • 

wJ  • • yj  a.  C 

1 di  w X t/1  • f- 

| • • PN  M > 

^ -*  ^ ^ X ♦ ft 

S\SSS-« 


X X 

J G 


86 


Figure  11.  Weight  summary,  horizontal  tail  group. 
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Figure  11.  Weight  summary,  horizontal  tail  group  (concl) . 
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Figure  12.  Weight  sumnary,  vertical  tail  group. 
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Figure  12.  Weight  sunmary,  vertical  tail  group  (concl) . 
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TABLE  4.  MASS  STORAGE  FILE  1 RECORDS,  WING  AND  EMPENNAGE  MODULE  (CQNT) 
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CD(1)  ACNSTR  (18,  0)  box,  stiffness  data 

comp  design 
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TABLE  4.  MASS  STORAGE  FILE  1 RECORDS,  WING  AND  EMPENNAGE  NDDULE  (CONT) 


Description 

Calculated  mass  distribu- 
tion data,  torque-box 
structures 

Calculated  torque -box 
structure  data,  GW  1 

Calculated  torque -box 
structure  data,  GW  2 

Calculated  torque -box 
structure  data,  GW  3 

Load  condition  indicators 

Design  airloads  data  for 
wing  and  empennage, 

SWEEP  load  conditions  1-24 

weight  summary  data,  wing 
and  empennage  exposed 
panel  structures,  GW  1 
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TABLE  4.  MASS  STORAGE  FILE  1 RECORDS,  WING  AND  EMPENNAGE  MODULE  (CONCL) 
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190  150  CI0Y(1)  WDDATA  (16,  0)  CCI(l)  W0DATA  (17,  0)  175  Calculated  mass  distribu- 

CCI(l)  W0DATA  (17,  0)  CI0Y(1)  W0DATA  (17,  0)  tion  data  for  yaw  inertia 


juiniw'**  *wwwra*» 


MODULE  CORE  MAPS 
Labeled  Common  Arrays 

Core  maps  for  labeled  common  arrays  FDAT,  XMISC,  and  IP  can  be  found  in 
Tables  5 through  7.  Array  FDAT  is  used  only  by  subroutine  PRTD,  overlay  (17,0). 
Arrays  XMISC  and  IP  are  used  by  all  module  overlays. 


Blank  Common  Arrays 

Core  maps  for  variable -data  array  D and  integer  constants  array  ND  are 
presented  in  Tables  8 and  9.  Table  10  contains  the  core  map  for  array  DC, 
a subarray  of  array  D,  used  primarily  to  store  program  constants.  Tables  11 
and  12  contain  subroutine  reference  information  for  array  D,  Table  11  is 
based  on  numerical  order  of  the  D array  data  cells,  and  Table  12  by  alphabe- 
tical order  of  variable  names  assigned  to  array  D.  Subroutine  reference 
information  for  arrays  ND  and  DC  are  presented  in  Tables  13  and  14. 

i 
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1ABLL  5 . FUAT  ARRAY,  FINAL  OUTPUT  DATA 


General  information  for  array  FDAT: 

Core  location  = Labeled  common  block  FDATT 

Array  size  * 60  cells 

Calculated  weights  for  wing  and  empennage  structure  are  stored  in  FDAT 
array  by  subroutine  PRTD,  overlay  (17,  0)  in  locations  1-30.  Weight 
information  is  organized  into  group  weight  statement  type  breakdown. 

Locations  31-60  are  used  by  overlays  (6,  0),  (7,  0),  and  (12,  0)  to 
store  calculated  weight  data  for  other  structure  groups. 

Array 

Location 

Description 

Locations  1-14  contain  wing  group  weight  data 

1 

1%,  total  wing  structure,  lb  per  A/V 

2 

Xcg»  X-coordinate  for  total  wing  structure  CG,  fuselage 

station 

3 

WC-SEC»  basis  structure,  center  seation,  lb  per  A/V 

4 

WpjvoT»  basic  structure,  pivot,  lb  per  A/V 

5 

W0pnl»  basic  structure,  outer  panel,  lb  per  A/V 

6 

WAIL>  ailerons,  lb  per  A/V 

7 

WFTE»  flaps,  trailing  edge,  lb  per  A/V 

8 

WpLE»  flaps,  leading  edge,  lb  per  A/V 

9 

WSLATS.  slats,  lb  per  A/V 

10 

Wgp,  spoilers,  lb  per  A/V 

11 

Wmisc>  secondary  structures,  lb  per  A/V 

12 

Wpip,  basic  structure,  tips,  lb  per  A/V 

13 

Not  used 

14 

Not  used 

Locations  15-22  contain  horizontal  tail  group  weight  data 

15 

Wjit,  total  horizontal  tail  structure,  lb  per  A/V 

16 

Xcg»  X-coordinate  for  total  horizontal  tail  structure  CG, 

fuselage  station 

17 

WC-SLC>  basic  structure,  center  section/spindle,  lb  per  A/V 

18 

Wqpnl»  basic  structure,  outer  panel,  lb  per  A/V 

19 

WellV»  elevator,  lb  per  A/V 

20 

WMISC»  secondary'  structures,  lb  per  A/V 

21 

Not  used 

22 

Not  used 
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TABLE  5.  FDAT  ARRAY,  FINAL  OUTPUT  DATA  (CONCL) 


Array 

Location 

Description 

Locations  23-30  contain  vertical  tail  group  weight  data 

23 

Wvr,  total  vertical  tail  structure,  lb  per  A/V 

24 

Xcg>  X-coordinate  for  total  vertical  tail  structure  CG, 
fuselage  station 

25 

Wc-r,EC»  basic  structure,  center-section/spindle,  lb  per  A/V 

26 

wOPNL*  basic  structure,  outer  panel,  lb  per  A/V 

27 

Wrud»  rudder,  lb  per  A/V 

28 

Wmisc*  secondary  structures,  lb  per  A/V 

29 

Not  used 

30 

Not  used 

31-60 

Used  by  landing  gear,  air  induction  system,  and  fuselage 
modules 
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TABLE  6.  XMISC  ARRAY 


General  information  for  array  XMISC: 

Core  location  = labeled  common  block  MISC. 

Array  size  = 100  cells. 

Data  type:  Real  in  locations  1-69 

Alphanumeric  in  locations  70-100 

Array  contains  case  control  information  and  computed  design  data. 

Only  the  locations  pertaining  to  the  wing  and  empennage  module  are 
defined  in  this  table.  Definitions  for  the  other  locations  can  be 
found  in  Table  9,  Volume  II. 

Array 

Loc 

Defined 

Used 

Routine 

Overlay 

Routine 

Overlay 

Description 

1 

READ 

(1,0) 

cam 

MFCNTL 

(8,0) 

(11,0) 

Number  of  arrays  of  material 
properties  in  mass  storage  in 
records  41-60 

2 

0LAYOO 

(0,0) 

CCNTL 

AL0AD 

(8,0) 

(16,0) 

Component  indicator  for  wing  and 
empennage  module 

1 = wing 

2 = horizontal  tail 

3 = vertical  tail 

3 

0LAYOO 

PR0G 

(0,0) 

0,0) 

0LAYOO 

(0,0) 

Logic  control  code,  for  execution 
of  wing  and  empennage  module  over- 
lays, (9,0),  (10,0),  and  (17,0) 
metal  designs.  Defines  overlay 
to  be  executed  on  return  of  con- 
trol from  overlay  (9,0)  to  over- 
lay (0,0): 

0.0  = execute  overlay  (10,0) 

1.0  = execute  overlay  (17,0) 

Initialized  at  0.0  by  program 
0LAYOO  and  set  to  1.0  by  PR0G, 
overlay  (9,0)  at  conclusion  of 
torque  box  analysis. 
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TABLE  6.  XMISC  ARRAY  (COOT) 


Array 

Loc 

Defined 

Used 

Routine 

Overlay 

Routine 

Overlay 

Description 

4 

0LAYOO 

(0,0) 

READ 

CCNTL 

(1,0) 

(8,0) 

Case  number 

5 

WHVQQ 

(3,0) 

CCOTL 

(8,0) 

Dynamic  pressure  for  wing  flutter 
design,  lb/ft^ 

6 

WHVQQ 

(3,0) 

CCNTL 

(8,0) 

Dynamic  pressure  for  vertical 
tail  flutter  design,  lb/ft^ 

7 

WHVQQ 

(3,0) 

CCOTL 

(8,0) 

Dynamic  pressure  for  horizontal 
tail  flutter  design,  lb/ft^ 

8 

WHVNET 

(4,0) 

CCOTL 

(8,0) 

Wing  design  (reference)  tempera- 
ture, 0 F 

9 

WHVNET 

(4,0) 

CCNTL 

(8,0) 

Vertical  tail  design  (reference) 
temperature,  0 F 

10 

WHVNET 

(4,0) 

CCOTL 

(8,0) 

Horizontal  tail  design 
(reference)  temperature , 0 F 

26 

WHVGE0 

(2,0) 

CCOTL 

(8,0) 

Sweep  of  wing  quarter -chord 
(forward  position  variable- 
sweep  only) , deg 

28 

WHVQQ 

(3,0) 

CCOTL 

(8,0) 

Wing  structural  material  shear 
modulus  at  design  flutter 
point,  lb/ in. 2 

29 

WHVQQ 

(3,0) 

CCNTL 

(8,0) 

Horizontal  tail  structural 
material  shear  modulus  at 
design  flutter  point,  lb/ in. 2 

30 

WHVQQ 

(3,0) 

CCOTL 

(8,0) 

Vertical  tail  structural  mater- 
ial shear  modulus  at  design 
flutter  point,  lb/in.^ 
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TABLE  6.  XMISC  ARRAY  (CONT) 


. Defined 

Array  

Loc  Routine  Overlay  Routine  I Overlay 


39  0LAYOO 
PR0G 
TB0PT 


Description 


Logic  control  code  for  execution 
of  wing  and  empennage  module 
overlays  (9,0)  and  (10,0), 
metallic  designs.  Code  value 
of  0.0  through  7.0  determine 
the  logic  path  to  be  executed 
in  subroutines  PR0G  and  TB0PT, 
overlay  (9,0),  after  return  of 
control  from  subroutine  CNSTR, 
overlay  (10,0):. 

0.0  = initial  call  to  sub- 
routine PR0G  from 
program  0LAY9  and  to 
subroutine  TB0PT  from 
subroutine  PR0G  during 
the  deadweight  itera- 
tion passes. 

1.0  - 6.0  = return  code  for 

subroutines  PR0G  and 
TB0PT.  Identifies 
logic  status  and  call 
statement  to  subroutine 
CNSTR  of  overlay  (10,0) 
from  subroutine  TB0PT, 
overlay  (9,0).  Code 
values  used  by  PR0G  and 
TB0PT  to  determine  con- 
tinuation path. 

7.0  = Normal  return  to  sub- 

routine PR0G  from  TB0PT. 

Initialized  at  0.0  by  program 
0IAYOO  and  subroutine  PR0G. 
Status  code  values  specified 
by  subroutine  TB0PT. 
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TABLE  6.  XMISC  ARRAY  (CONCL) 


Array 

Loc 

Defined 

Used 

Description 

Routine 

Overlay 

Routine 

Overlay 

42 

WHVNET 

(4,0) 

VL0AD 

(9,0) 

Indicator  to  designate  that 

VL0AD1 

(16,0) 

horizontal  tail  loads  have 

been  reversed 

0.0  = loads  have  not  been 

reversed 

1.0  - loads  have  been  reversed 

85- 

READ 

(1,0) 

CCNTL 

(8,0) 

Case  title,  and  image  of  case 

100 

PRTG 

(8,0) 

title  cards  1 and  2.  Locations 

PRTA 

(9,0) 

85-100  assigned  array  name  R, 

PRTH 

(9,0) 

(size  * 16  cells) . 

PRTB 

(10,0) 

PRTC 

(10,0) 

WLETE 

(14,0) 

PRTD 

(17,0) 

ACPRTA 

(18,0) 

PRTB 

(18,0) 

PRTC 

(18,0) 

PRTH 

(18,0) 

i03 


TABLE  7.  IP  ARRAY,  PRINT  CONTROL  DATA 


General  information  for  array  IP: 

Core  location  a Labeled  common  block  I PRINT 

Array  size  ® 80  cells 

Data  type  ■ Integers 

Array  contains  card  image  information  from  case  control  card  1, 
columns  1-80. 

Code  values  in  each  location  control  printing  of  data  by  indicated 
subroutines  (sample  output  can  be  found  in  Appendix  A,  Volume  IX, 
User's  Manual).  Code  value  0 indicates  print;  1 indicates  no 
printing. 

Locations  identified  with  an  asterisk  (*)  indicate  controls  for  related 
data  printed  under  control  of  other  SWEEP  modules. 

Indicated  names  are  for  printing  subroutines ; names  in  brackets 
identifies  subroutine  where  print  control  tests  are  made. 

Array  information  is  used  for  each  execution  of  module  during  a given 
case ; thus , printed  output  for  executed  wing  and  empennage  problems 
will  be  the  same. 


Array  Printing 

Location  Subroutine  Overlay 


Description 


Permanent  data,  first  case  only 
Current  case  variable  data 
Variable  data  arra> s : 

1.  Output  of  initial  status  of  D array 
locations  subject  to  revision  with 
design  data  transferred  through 
WP,  SPAL,  and  XMISC  arrays 

2.  Output  of  WD  array 

3.  Output  of  complete  D array 

4.  Output  of  SPAL  array 
YC,  YTC,  and  TAF  arrays 

Parts  of  YC,  YTC,  and  TAF  arrays;  D^ 
calculations  at  point  Y^,  Xj 
Parts  of  YTC  and  TT  arrays;  area  calcula- 
tions of  station  Y^ 

Headings  for  DMAX  output 
Geometry  summary  data 
TVS  array 

TXY  array,  if  IP(6)  = 0.0 
TGJ  array 
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TABLE  7.  IP  ARRAY,  PRINT  CONTROL  DATA  (CONT) 


Array 

Location 

Printing 

Subroutine 

Overlay 

Description 

8 

CT0T1 

(14, 

0) 

YC  array;  station  Y,X  for  chord 
calculations 

GCNTL 

(14, 

0) 

Heading  for  CT0T1  output 

LEWT 

(14, 

0) 

Heading  for  CT0T1  output 

TEWT 

(14, 

0) 

Heading  for  CT0T1  o .put 

TEDEV 

(14, 

0) 

Heading  for  CT0T1  output 

TEWT  I 

(14, 

0) 

Heading  for  CT0T1  output 

9 

GCNTL 

(14. 

0) 

TG  and  TGA  arrays 

10 

LETEI 

(14, 

0) 

TCS,  CLEI,  and  TWG  arrays  for  leading 
edge;  TCS  CTEI,  and  TWG  arrays  for 
trailing  edge 

11 

LEWT 

(14, 

0) 

TGR,  TST,  CCI,  CCL,  and  CCW  arrays 

TEWT 

(14, 

0) 

CCW,  CCT,  and  TE  arrays 

TEWT  I 

(14, 

0) 

TGR,  TST,  and  CCI  arrays 

12 

WLETE 

(14. 

0) 

Heading  and  trailing  edge  weight  and 
distribution  data  and  1-g  loads  summary 

13 

MISCNT 

Ba 

0) 

CCI,  TST,  and  TGR  arrays 

PRIM  (MISCIT) 

B9 

0) 

CCI,  TST,  TGR,  and  TCS  arrays 

14 

MISCNT 

(15, 

0) 

CMII  and  TVMT  arrays 

PRIM  CMISCIT) 

(15, 

0) 

TCS  and  CCI  arrays 

15 

CT0T2 

(15, 

0) 

YC  array,  station  Y,X  for  chord 
calculations 

MISCNT 

(15, 

0) 

Heading  for  CT0T2  output 

MISCIT 

(15, 

0) 

Heading  for  CT0T2  output 

CDL 

(15, 

0) 

Heading  for  CT0T2  output 

FDIS 

(15, 

0) 

Heading  for  CT0T2  output 

16 

CDL 

(15, 

0) 

TGR  and  TCS  arrays 

TBFWI1 

(15, 

0) 

CCI  and  TCS  arrays 

17 

FDIS 

(15, 

0) 

CCI,  TST,  TCS,  TWG,  and  TVMT  arrays 

18 

FDIS 

(15, 

0) 

Fuel  distribution  summary 

19 

MTLPW  (MTLCW) 

(16, 

0) 

Material  properties  data,  metal  design 

TEMPC 

(18, 

0) 

Material  properties  data,  adv  comp 
design 

20 

AL0AD 

(16, 

0) 

Limit  airload  and  load  correction  factor 
summary  for  metal  design 

ACL0A1) 

(18, 

0) 

Limit  airload  and  design  data  summary 
and  ACL  array,  adv  comp  design 

21 

ABUV 

(16, 

0) 

Initial  deadweight  distribution  data 

22 

GJCAL 

(16, 

0) 

Flutter  requirement  analysis,  summary  of 
results  and  TVF  and  TGJ  arrays 
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TABUi  7.  IP  ARRAY,  PRINT  CONTROL  DATA  (CONT) 


Array 

Location 

Printing 

Subroutine 

Overlay 

Description 

GJTT 

mm 

T-tail  flutter  requirement  analysis  data 

23 

WDDATA 

Core  status  of  T and  CD  arrays  at  end  of 
overlay  (16,0)  calculations 

24 

VL0AD1 

(16,  0) 

Initial  design  loads  summary  for  DGW0 
and  flutter  requirement  data 

DEADW 

(9,  0) 

Deadweight  summary  and  adjustment 
results  for  N0DW  >1,  DGW^ 

DWYBA 

(9,  0) 

Deadweight  and  Y-bar  adjustment  lata  for 
N0DW  >1,  DGWi 

VL0AD 

(9,  0) 

Design  loads  and  required  GJ  for 
N0DW  >1,  DGWi 

DEADW 

(18,  0) 

Deadweight  summary  and  adjustment  results 
for  N0DW  >1,  DGWi 

DWYBA 

(18,  0) 

Deadweight  and  Y-bar  adjustment  data  for 
N0DW  >1,  DGWi 

A\X0AD 

(18,  0) 

Design  loads,  required  GJ,  loads  at  each 
condition,  DGWi 

25 

DEADW 

(9,  0) 

Deadweight  summary  and  adjustment  results 
for  N0DW=1,  DGWi 

DWYBA 

(9,  0) 

Deadweight  and  Y-bar  adjustment  data  for 
N0DW=1 , DGWi 

VL0AD 

(9,  0) 

Design  loads  and  required  GJ  for 
N0DW=1 , DGWi 

DEADW 

(18,  0) 

Deadweight  summary  and  adjustment  results 
for  N0DW=1 , DGWi 

DWYBA 

(18,  0) 

Deadweight  and  Y-bar  adjustment  data  for 
N0DW=1 , DGWi 

AVL0AD 

(18,  0) 

Design  loads,  required  GJ,  loads  at  each 
condition  for  N0DW=1,  DGWi 

26 

PIV0T 

(9,  0) 

Pivot  design  summary  data  and  dump  of 
T(881=1200) 

DLPVT 

(9,  0) 

Dump  of  TW  array,  torque -box  weight  per 
inch  detail  data 

PIV0T 

(18,  0) 

Same  as  preceding 

DLPVT 

(18,  0) 

Same  as  preceding 

27 

PRTA(TB0PT) 

(9,  0) 

Design  synthesis  and  weight  distribution 
summary  for  N0DW  >1,  DGW2 

ACPRTA 

(ATB0PT) 

(18,  0) 

Design  synthesis  and  weight  distribution 
summary  for  N0DW  > 1 , DGV2 

f- 

g 
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TABU:  7.  IP  ARRAY,  PRINT  CONTROL  DATA  (CONCL) 


Array 

Location 

Printing 

Subroutine 

Overlay 

Description 

35 

CT0T 

(17,  0) 

YC  array,  station  Y,X  for  chord 
calculations 

WVFDD 

(17,  0) 

Heading  for  CT0T  output 

WFLDD 

(17,  0) 

Heading  for  CT0T  output 

36 

W0DATA 

(17,  0) 

Inertia  summary,  total  structure  and 
contents 

37 

PRTD 

(17,  0) 

Detail  weight  summaries  and  specified 
weight  coefficients 

38 

W0DATA 

(17,  0) 

WCG,  CTBW,  CTBI , CLEI,  CTEI,  CMII 
CFL1I , CFL2I , CCDLI , CI0Y,  and  CCI 
arrays;  mass  distribution  summary 
data  arays 

Hie  following  locations 

are  not  used  by  the  wing  and  enpennage  module. 

These  locations  identify  wing  and  enpennage  related  design  data  printed 

by  other  SWELP  routines. 

40* 

0LAYOO 

Case  title  and  executed  module  title 

41* 

WHVMAT 

Stress  versus  tenperature  tables 

WHVOO 

1 

Compressible  dynamic  pressures 

SVFTAB 

(3,  0) 

Flutter  parameter  versus  mach  number 

• mm 

SPDALT 

(2,  0) 

Speed  profile  tables 

EM 

DSGNPR 

(2,  0) 

Speed  profile  design  factors 

« , 

DATAIN 

(2,  0) 

DC  array 

I 

EMAXLD 

(2,  0) 

Estimated  shears  and  moments 

1 

DDCNTL 

(2,  0) 

WD  array 

I 

SPABM 

(4,  0) 

Calculated  shears  and  moments 

::  H3 

WHVNET 

(4,  0) 

Design  loads  and  load  correction  factors 

54* 

BLCNTL 

(4,  0) 

Tenperature  and  stress  for  23  load  con- 
ditions, design  tenperature,  and  load 
conditions  and  maximum  estimated  net 
bending  moments  for  fatigue  analysis 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA 


General  information  for  array  D: 

Blank  common  reference  location  = 2061. 

Array  size  = 2060  cells 

Default  values  are  from  the  SWEEP  permanent  data  bank  data  sets  for 
wing,  horizontal  tail,  and  vertical  tail  analysis,  mass  storage  file 
records  23,  26,  and  27,  respectively.  The  D array  is  initialized  with 
these  values  before  the  WING,  HORIZONTAL,  and  VERTICAL  input  data 
decks  are  processed  for  the  initial  case  in  a problem  setup  or  for 
subsequent  cases  where  column  80  of  case  control  card  2 contains  a 
code  value  of  1.  Default  value  changes  can  be  made  either  with 
input  data  or  by  revising  the  permanent  data  decks. 

Locations  identified  with  an  asterisk  (*)  are  the  variables  which  may 
be  inputed  either  through  the  GENERAL  input  data  decks  or  from  data 
calculated  by  the  data  management  module  and  the  flutter  and  temp- 
erature module. 


Refer  to  tables  11  and  12  for  assigned  variable  names  and  sizes  and 
for  location  references  by  overlays  and  subroutines. 


Array 

Loc 

Default 

Value 

Description 

1 

1.0 

CONSTANT  =1.0 

2 

2.0 

CONSTANT  =2.0 

3 

3.0 

CONSTANT  - 3.0 

4 

4.0 

CONSTANT  =4.0 

5 

5.0 

CONSTANT  =5.0 

6 

6.0 

CONSTANT  =6.0 

7 

7.0 

CONSTANT  =7.0 

8 

8.0 

CONSTANT  =8.0 

9 

9.0 

CONSTANT  =9.0 

10 

10.0 

CONSTANT  =10.0 

11 

11.0 

CONSTANT  =11.0 

12 

12.0 

CONSTANT  =12.0 

13 

20.0 

CONSTANT  =20.0 

14 

1000.0 

CONSTANT  = 1000.0 

15 

3.1415927 

CONSTANT  = PI 

16 

0.01745329 

CONSTANT  = PI/180 

17 

144.0 

CONSTANT  = 144.0 

18 

24.0 

CONSTANT  =24.0 

19 

0.50 

CONSTANT  =1/2 

TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 


Array 

Loc 

Default 

Value 

— 

Description 

20 

1.5 

CONSTANT  =1.5 

21 

0.33333333 

CONSTANT  = 1/3 

22 

0.95 

CONSTANT  =0.95 

23 

1.5 

ATT  MISC  FACTOR,  SUBR  STBAR,  STWEB 

24 

1.050 

ATT  MISC  FACTOR,  SUBR  STRIB,  NAME  = DKMIR 

25 

0.75 

CONSTANT,  SUBR  STRIB 

26 

0.3555 

OPTIMUM  RATIO  OF  STRINGER  FLANGE  TO  WEB 

27 

0.125 

COVER  MISC  CONSTANT 

28 

0.4292 

COVER  MISC  CONSTANT 

29 

0.75 

RIVET  SPACING 

30 

0.001 

SEARCH  CONSTANT,  SUBR  STBAR 

31 

1.01 

SEARCH  CONSTANT,  SUBR  TSCH 

32 

0.06 

SEARCH  CONSTANT,  SUBR  TSCH 

33 

10.0 

SEARCH  CONSTANT,  SUBR  TSCH 

34 

0.01 

SEARCH  CONSTANT,  SUBR  TSCH 

35 

0.045 

SEARCH  CONSTANT,  SUBR  TSCH 

36 

0.95 

SEARCH  CONSTANT,  SUBR  BOT 

37 

0.995 

SEARCH  CONSTANT,  SUBR  SFSCH 

38 

0.9 

SEARCH  CONSTANT,  SUBR  SFSCH 

39 

0.1 

SEARCH  CONSTANT,  SUBR  SFSCH 

40 

1.5 

ROOT  RIB  CAP  CONSTANT 

41 

0.5 

REDUCED  MODULUS  (ER)  CONSTANT  FOR  FLAT  PLATES 

42 

0.5 

REDUCED  MODULUS  (ER)  CONSTANT  FOR  FLAT  PLATES 

43 

0.25 

REDUCED  MODULUS  (ER)  CONSTANT  FOR  FLAT  PLATES 

44 

0.75 

REDUCED  MODULUS  (ER)  CONSTANT  FOR  FLAT  PLATES 

45 

0.83 

SPAR  WEB  GEN  INSTAB  RED  MOD  (ERG)  CONSTANT 

46 

0.17 

SPAR  WEB  GEN  INSTAB  RED  MOD  (ERG)  CONSTANT 

47 

0.0 

NOT  USED 

48 

0.0 

NOT  USED 

49 

0.0 

NOT  USED 

50 

0.25 

CONSTANT  (1/4) 

51 

0.66667 

CONSTANT  (2/3) 

52 

0.02 

CONSTANT  (0.02) 

53 

0.0 

NOT  USED 

54 

0.78539795 

CONSTANT,  SUBR  BHDJT,  STWEB 

55 

0.0 

NOT  USED 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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NOTE:  DATA  LOC.  DI13<5|  * OUTBOARD  CONTROL  STATION 
USED  TO  LOCATE  TOPOUE-BOX  ON  THE  EXPOSED 
PANEL,  IF  STRUCTURAL  STATIONS  ARE  NOT 
INPUT.  BUTTOCK  PLANE  STATION  CALC  FROM 
THIS  ITEM  = BP  OF  STRUCT  STA  11.  PROGRAM 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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149  0.0  10  TYPE  OF  AIRFOIL  TO  RE  LOCATED  AT  5TA.  SPECI 

PIED  IN  0(145).  USE  NOS  1.0  TO  5.0  TO  DENOTE 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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OF  X/C  AND  LOCAL  AIRFO-L  DEPTHS— FOP 
PLFNOEO  AND  CRANKED  WING  PLANFORMS# 
THE  DELTA  CHORD  LENGTH  DATA  ARE  USFD 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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NOTE:  AFTER  REMOVING  FUEL  AND  USEFUL  LOAD 
DELTA  WTS  • FROM  THE  FUEL  CELLS  AND 
STORE  STATIONS  THE  P EMA INDFR  C IF  ANY } 
IS  REMOVED  FROM  THE  FUSELAGE  FUEL  E 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INIUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (COOT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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INPUT  WING  BASIC  APEA  AND 
NO  TEST  OF  DATA  BLOCK. 
NOTE:  USE  DOUBLE  THE  AREA 
OF  ONE  PANEL  FOR  V. 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONTI 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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NOTE:  DATA  LOC  DI335)  THRU  D(33<») — FLUTTER  REGMT 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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OP^ICN  TO  CHANGE. 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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506  0.0  FS  LOC  FOP  CENTER -SECTION.  <1.0  * X/C  AT  Bl/2 

>t*(+1.0)  = INCHES  AFT  OF  LE  AT  Bl/2 
( -N ) * FUS  STA.  0.0  * USE  OPNL  LOC 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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HVlT-WtlUhT  CUfFF. 

-IiNdliARu  LUL  WllChl  CltFF. 
-CUTolAFiL  LUC,  r. LI bhl  CLtFF 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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•57?  0.0*  EMPIRICAL  CONSTANT  USED  IN  EQUATION  TO 

DETERMINE  BUCKLING  COEFFICIENT  WITH 
COMBINED  SHEAR  ANO  BENDING. 

573  100.0  ID  CONTROL  FOR  T/D  ANALYSIS. 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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INDICATE  THE  DEADWEIGHT  PASS  AND  SECTICNS 
THAT  WILL  HAVE  A TETAIL  BREAK  POINT 
A«  nUTPUT. 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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5^J  102.5  C»=wTL!lt3)  — rDIL  FC  Y VALUE,  * OF  0C5«*6),  0 DEG 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (GONT) 
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P- 
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✓) 

o 

£ 

4 

A 

•1 

w 

4 

N. 

X 

X 

O 

P- 

ii 

43 

A 

r- 

X 

X 

J 

< 

4 

X 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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• 
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Obt  C.G  ID  INPUT  ulSI &N  LOADS  AT  11  STRUCT.  STATIONS. 

uPT IONS:  U.C  NO  INPUT*  USE  CALC  LOADS. 

1.0  INPUT  LOADS,  GROSS  LIMIT. 

<.G  INPUT  LOADS,  NET  LIMIT. 

j.o  input  loads , \x  and  o values. 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 


O' 
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*TN  NUMBER  STRINGERS. 

OTB  SPACING  INCHES 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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864  0.0  IP  INPUT  T-BOX  GEOMETRY  SPEC  IF IC AT IONS • SEE 

*'0TE$  ABCVE  FOR  DETAILS  CN  REDD  PATA  IN  LOC 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CQNT) 
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876-886  0.0  STRUCTURAL  WIDTH  OF  TORQUE  BOX.  INCHES 
887-897  0.0  AVERAGE  DEPTH  OF  T9R0UE  POX  INCHES 
898-908  0.0  TOPOUE  BOX  DEPTH  AT  FRONT  SPAR  INCHES 
909-919  9.D  TOPQUE  BOX  DEPTH  AT  REAR  SPAR  INCHES 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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NJTEs  DATA  BLOCK  DI953 )-0f 9«>6)  IS  THE  INPUT  BLOCK  TO 
BE  USED  WHEN  INPUT  tCAP  CONTROL  10  DI6B6)  * 
3.0.  INPUT  NX  AND  C.  WHEN  THIS  OPTION  IS  USED 
Cl  239)  AND  DI687)  PUST  EE  SET  TO  0.0.  FINAL 
DESIGN  VALUES  FOR  NX  AND  0 WILL  DIFFER  SLIGHT- 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 


l/) 

UJ 

UJ 

a 

* 

_J 

D 

V 

o 

-J 

X k- 

UJ 

i— i 

< 

UJ  k- 

fc— 4 

1- 

> 

X — CO 

u. 

>-  Cl 

K 2 <~ 

•— « 

z z 

C 

X 

o 

< 

nj 

>Qh 

Uj 

*- 

cr  uj 

CL 

Cl  — 

h 

h-  a 

SSI 

C f» 

X 

3 

io  < C. 

u.  o 

i- 

a 

K JU. 

UJ 

o 

M 

z 

Z D 

a 

Cj 

2 

*— 

UJ  cj 

UJ 

• 

T _J  • 

o »-  a 

1- 

o 

Cj 

Oj 

C < O -J 

K 1 

a 

ut 

Uj 

I 

X o o 

X 

X/  *■* 

< 

•I 

k- 

K 

U)  UJ 

o 

a f» 

D 

< 

c a.  a 

X 

z o' 

C0 

_J 

UJ 

z 

CO 

— O' 

K 

X 

< > if 

Uj 

-J  -r. 

cO 

CO  o 

*-4 

o 

X 

CO  t- 

CO 

t!J 

in 

< 

CO 

or  Z to 

X UJ 

O 

Uj 

cj 

UJ  h 

a 

_l  C’ 

H 

> 

u 

40 

uj  X Z 

< _J 

C 

u a 

Lu 

X O Uj 

2 

> 

o 

1 

> < 

-u 

lO  UJ  X 

C. 

<1 

i 

C a. 

; 

IO  k~ 

a-  k- 

— 

r 

U 1 

C'  or  to 

UJ 

Cj  <J 

• 

CO 

r 

>- 

> 

H X X 

z 

c 

4— 

>JJ 

<3 

a 

o -j 

u 

r 

cu 

in  o 

C'  c 

7 7 

U » 

«rr 

CO 

a • 

Uj  Ci  < 

» 

< 

O' 

n 

Z 

a o 

Cl. 

CO 

fH 

r~ 

—i 

X 

«- 

u.  < i. 

O CO 

W 

a 

•• 

u nr 

CO 

• 5 

c 

C 

k- 

a ifl 

> < 

>- 

O or 

• 

a 

O 

< z 

> 

S’  l 1 

_J 

II  <1 

UJ 

cd  o 

o 

C < uj 

< 

— | 

«— 1 

c. 

o 

c 

O 

if 

CO 

i — 

or 

ua  J 

Z 

C*  u. 

u> 

LL 

Uj 

UJ 

k- 

> K 

LL 

o a 

< 

«0  -1 

c 

CO 

00 

CO 

CO 

X 

H 

a. 

uj  C X 

<*■  a 

X 

D 

X 

X 

a 

o 

< o 

> 

a u'  P 

U 

X 

z 

X 

h 

— J 

< a u 

C 

o c 

Cj 

K 

*- 

l- 

►- 

a 

X 

I_ 

C 

c 

c 

a 

Uj 

i 

zr 

2" 

« 

C 

CO 

CL 

a 

to 

Ul 

-J 

_j 

UJ 

T • 

1 

i 

X 

o z 

z 

z 

u 

Z Cj 

►-J 

2 

>> 

j— < »-j 

•M 

< 

K 

a 

< 

k- 

an 

j-j 

►* 

• X 

m 

X 

J— * 

*~> 

X 

< 

X 

-1 

M 

UJ 

-J 

< 

< 

o 

UJ 

z 

m 

o 

z 

o 

ii 

1- 

o 

UJ 

< 

»- 

>— 

I- 

a 

M 

K 

< 

O' 

UJ 

Q 

-1 

rj 

a — j 

z 

Cl 

X a 

jJ 

< a. 

o 

z 

CJ  < 

H 

a «e 

o 

o 

-J  03 

w 

1 2 

CJ 

< 1 

Q 

V C 

Cj 

CJ  > 

X 

< 

o 

CL 

X 

K _J 

O 

< 

UJ  CL  K 

0 L 

X <1 

-J 

a 

XX 

X 

a 

-i 

O u.  a 

1- 

z X 

• 

U 1 z 

►- 

j— j 

• 

> *- 

jj. 

X 

UT 

o 

a. 

CO 

X I- 

O 

LU 

UJOX 

O' 

• u 

u 

z 

2 • • 

o 

X 

O O X 

a. 

•. 

«* 

_l 

W 

O C' 

X 

X 

•• 

CJ 

u.  • 

a 

o 

tt  CO 

r-J 

X 

X 

«x  z 

CJ 

m 

CD  C 

c 

a h 

• 

• 

1 kj 

D 

—J 

O 

K 

t- 

> I- 

Ul 

h-  >■ 

a 

CO 

< 

CJ  < 

h- 

1- 

< o 

X 

k- 

< a 

X 

X 

K 

<1 

u.  at 

a 

a. 

_l 

c- 

o 

<x 

z 

z 

UJ 

c 

*-• 

C 

z 

#• 

IU 

c 

z 


o o c 

o 

o 

o 

o 

o 

o 

• • • 

• 

• 

• 

• 

• 

• 

0 

0 

0 

o 

o 

o 

o 

o 

n nJ-  cr\ 

■o 

«o  fc-  eu 

O' 

O'  O'  IT 

O' 

l l 1 

1 

1 f“- 

1 00 

1 O' 

1 O' 

1 -I 

1 A- 

rj  ^ tfc 

'O 

A-  O 

00 

O'  INI 

o 

r-l  in 

INI  00 

IA  N 

CD 

C'  o 

o o 

-H  O 

ro  o 

<r  o 

in  c? 

O'  O'  O' 

O 

O'  k-1 

O -1 

o — « 

O — i 

O -< 

r -i 

^4 

H 

j— j 

r-l 

H 

1 

I 


! 

f 

i 


158 


{MUMM"  -ftrr  •'lyn 


3 

3 

4 

3 


I 

D 


S> 


”5 

J 

1 


r 

3 

4 

u 


I 


I 


n _i  -3 
u 3 
3 T 

3 < J 
L.  X Jj 
2 -* 

4 t -I 
i.  O X 

'A  X 
XU* 


X 

»— 

1/) 

11 

3 


2 

O -ii 

>-«  o 


3 x —i 


x 3 
j -J  X 

-■•  a 

-2  . : 


iQ 

3 
3 4 
u a: 
2 cC 


\ 

.3 


X 

vJ 

03 

I 


2 • 
O 2 

U 3 


./) 

4 

£ 


-H  X -- 
1—  3 
4 j -• 
X -J  •* 

-U  J.J  w 

2 <-< 

a -J  u 


lJ  •> 

3 O 


3 

x 

2 

*4  • 


aJ 

2:  3 

•*  3 
X 


X 3 
3 4 
X 3 


X <** 

3 < 

X 3 

3" 

< • 


X 2 
4 -- 


< 4 
3 Z) 
3 J 


a 


3 1 

—•  3 


X 3 
x D 
X X 


3 4 


* -0 
X X 


3 

2 


I 

- J 


l '•» 


\ 

uO 

a 


x 

3 

.0 


3 

3 


3 

3 


Jf 


-1 

lD 


jC 


3 

3 


2 

3 


a 

3 

k—i 

X . 

X 

41 

H- 

O 

1 

J. 

3 

.£ 

3 3 

2 

•— * 

1 

J 

X 

£ 

*— 

< 

r- 

H- 

• 

u 

■* 

X 

oJ 

X 

-A 

.J 

-J 

X 

u 

2 

< 

1 

-j 

0 

wi 

X 

X 

3 

“» 

T— 

3 1- 

X 

h 

oC 

V* 

X 

2 

J 

'J 

•X 

0. 

4 

§ 

-> 

•—4 

X 

-J 

O 

3 2 

A— 

■4 

> 

w 

J 3 

X 

X 

-A 

•J 

• 

• 

✓> 

X 

rH 

D 

3 

uJ 

-A 

J 

r- 

< 

.— 

X 

3 3 

►«* 

—4 

2 

a. 

-> 

J 

X 

5 

-» 

X 

O 

J} 

J 

it 

vl 

X 

JL 

<4  * 

X 

—t 

J 

3 

3 

.— 

•4 

Vi 

T— 

J 

43 

J 

3 3 

N, 

2 

X 

O 

v> 

X 

H- 

• 

-j 

.J 

3 

3 

< 

h- 

2 

«x 

>— ( 

— < 

X 

-J 

r— 

x 

V-) 

X 

-J 

r— 

4 It 

0 

f— 

X 

O 

0 

3 

X 

r- 

• U 

jr 

0 

r— 

—A 

X 

X 

f-4 

< 

• 

• 

— « 

3J 

>r 

X 

3 

••4. 

-J 

H— 

r- 

- > 

3 

O 

•h 

3 

X 

-j 

j 

4. 

r- 

.*> 

-t  4 

«»• 

3 

3 

cx 

4* 

X 

U. 

-4j 

L 

r» 

s 

* 

3 

• 

3 

*• 

J 

J 

• 

«• 

h*_ 

X 

-a. 

44 

‘X 

-J 

3 3 

h- 

1 

-'A 

3 

►— 

—• 

* -* 

-«« 

♦— 1 

«x 

wi 

J 

ii 

• 

X 

«X  • 

•—  < 

3 

3l 

r“ 

2 

Q 

A 

-i 

x 

X 

*—< 

V 

>- 

X 

3 

J 

3 

"1 

t 

X 

.-* 

* 

c 

• 

-• 

D 

3 

3 

4 

X- 

• 

• 

*■» 

•< 

*- 

X 

r»  ^3 

J • 

u 

3 

A— 

• 

s 

J 

-4» 

— » 

_ 

* 

-J 

r- 

J 

-1 

4 

wO 

1. 

X 

2 

00 

w 

-1 

a 

•j 

• X' 

^ • 

-J 

*4 

* 

X 

v* 

—/ 

4 J 

J 

r- 

-O 

2 

*■* 

• 

a 

r— 

i 

W A 

3H 

-J 

« ) 

7J 

X 

r— 

X H- 

>—  ' 

4 

-4 

N. 

J 

D 

r— 

4. 

"J 

w i 

-J 

r-  u 

3 4 

1— 

3 

£ 

3 

2 

1 

.X 

y)  4) 

u 3 

3 

O 

a 

3 

.3 

2 

•t 

3 

3 

J 

3 


ll 

V 


I -4 
— <1 
J > < 
u ^ ♦ 


I 0 
X 0 
I H 
-I  -I 


3 

2 


159 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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X.X  INPUT  unit  v#T.  LBS/SO  PT 

1236  1.0  CONSTANT  DATA-FIXEG  TE-WING 

123T  c.0!  -WING 

T23B  1.0  -WING 

123°  0.35  -WING 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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iJoe  l.L  -V.  TAIL 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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NOTE:  DATA  LOC  DU3481  THRU  01135?)  * CONSTANT 

OATA  FOR  STRTNGEP  ANALYSIS,  ADV.  COMP, 

1 34®  1.0  STFNHI 1 1 — NO  OF  STP  WEBS — I-STR 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CO.NT) 
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14  38  0.98481  -GJCAL,  COS  10.0  DEG 

1439  0.17365  - » SIN  10.0  DEG 

14%C  0.0  MOT  USED 

1441  1.0  -GJ  CM. 

1442  3.00301  -GJ  CAL 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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1610  C.O  in  TE  DEVICE  NO.  ONE 

OPTIONS:  0.0  SIMPLE  FLAP 

1.0  SINGLE  SLCTTEO  FLAP 

2.0  DOUBLE  SLOTTED  PLAP 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (COOT) 
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NOT  USED 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONT) 
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NOTES  FOR  DATA  TRANSFER  — 

WING  PYLON  AND  EXT.  T ANK  CATA  WILL  BE 
TRANSFERRED  INTO  CDL  NO. 1,2*3  AND  A IF 
DATA  TRANSFER  REQUIRED- 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATn  (CONT) 


j 


X 

UJ 

m 

m 

m 1 

m 

m- 

c 

O 

X 

X 

x | 

X 

X 

k« 

k< 

X 

X 

X 

X 

X 

u 

tn 

m 

0 

0 

u a 

UJ 

u 

u- 

V 

k 

z 

z 

z X 

z 

z 

a 

m 

m 

kk 

l 

kk 

~ a 

kk 

kM 

a 

or 

CO 

1 

at 

UJ 

_j 

-J 

O 

X 

LL  1 

X 

Lu 

O 

0 

X 

m a 

UJ  > »- 

m 

rum 

*— 1 

O -J  m 

z 

X 

z X 

z 

< a «- 

z 

mi  Z X 

k-4 

X 

>-  ml 

< 

or  »- 

UJ  • 

• 

< 

CD  O K 

* 

X 

ac 

l- 

X K 

K 

in 

1 

X 

X 

X 

K 

5 « 

»-  X 

Z 

z 

» 

in 

< • 

X 

-J  O 

ml  O 

UJ  UJ  O 

m 

UJ 

0 

*k 

K or  cc 

< 

< 

O 

• 

a 

a 

a ac  2 

•«, 

>-  K 

O' 

kl 

• 

X 

< X 

O K X U O X>  O 

a 

0 

or 

< 

z 

JZUI|> 

H 

X 

C X 

ml 

a u — 101  j 

at 

X 

X 

a -J 

• 

k* 

z •- 

u 

X 

m x 

m 

mi 

mi 

«J  X 

X 

X 

4 LU  Q 

K 

X 

ouu. 

c 

z 

-<  z 

f- 

X 

X 

X 

X 

*-  a 0 

X 

a 

>— 

z 

Z 

X 

<r 

• < 

x 

fi  X 

• C X » U z 

> 

0 

> 

«.  m 

x 

cou 

U Uj 

1 

0 -j  0 a 

UJ 

J- 

U J- 

X 

U> 

— J 

UJ 

u>  z uj 

• 

•»« 

uj  or 

UJ  X 

kl 

a 

z ►* 

m 

• 

uit-  m a x 

a 

X 

X 

< K 

U- 

1 

m < 

z 

• 

z 

• 

0 z 

MX 

X Z k. 

X ►* 

X 

a 

« 

<-  a. 

2 

1- 

»- 

3 X 

k» 

2 

r 

O Si 

mi  a 

C 

z a 0 « 0 c u 

m »-  cs 

(. 

X 

X 

O O 

z 

uouu 

k 

l 

k-  1 

0 

m4 

• 

• 

— ai 

l_  X 

c 

zc 

0 

I— 

• 

►- 

LUX 

ml  K 

0 

» H O 

• • 

*- 

»- 

lu  u.  a 

>— 

kk 

C 2 

X 

in  0 • 

_j 

X 

Ci  UJ 

a k 0 at  k 0 

ml 

m 

m 

a 

O 

u 

u 

k*  kk 

m 

LU 

H X 

C; 

< 

►- 

2 (j 

UJ  <1 

u m x 0 in  11 

O 

*— 

►— 

-1  UJ 

1 

z 

3 

J 

in  x 

3 C 

— C 

0 

a 

3 X X 

c. 

or 

X 

>-aIwk 

O 

a 

O 

UJ  <0  x 

O 

<0 

U.J1IK 

z 

ac  x 

u>  0 x 0 0 r- 

O l/>  UJ 

0 

X 

X 

m x 

a 

H-  in 

< 

O 

in 

O 

X 

X 

< 0 z 

or 

• 

• 

• 

00  0 

0 

X 

X 

X 

X CM 

CM  CM 

INI  CD 

h- 

• 

• 

Z Z < 

*«• 

O X 

X 

-*  at 

X 

• 

• 

O J— 

• 

V 

A 1 

1 H 

X 

X 

< ac  3 

X 

X 

— X 

O X 

• 

>• 

• 

• 0 

A 

V k. 

• 

• 

3 ►- 

0 

I 

1 

n 

• 

x 0 uj 

ac 

u> 

O 

Q 

h- 

'U  in 

UJ 

•• 

vd  c 

0 

»• 

H CO 

k 

IU 

O •• 

u? 

m 

•• 

*-  • in 

ac 

• l/> 

— UJ 

a 

in 

mm 

X X 

_J  tn 

k. 

M 

in 

z a - 

a z 

in  ct 

-j 

z 

O ml 

in 

z 

vO 

O 

z 

5 z 

QC 

z 0 

in  <* 

a 

in  ml 

* 

Z 

x a 

m 

• 

0 

0 < 

UJ 

k* 

30  UJ 

X 

kk 

CO  •—» 

• < 

m m 

X 

X 

ml 

M 

X -J  »- 

x 

ml 

t- 

-<  X 

in 

►- 

-i  Jt  J- 

aC 

— i- 

k4 

a 

< 

J— 

c < 

in 

r 

c. 

m 

k 

X 

X 

K 

x a 

«k 

O 

a 

C U>  c 

z 

uj  0 

C Z 

X 

r 

C • 

c c 

a 

sr 

ki 

O 

z 

*! 

«a 

z 

X fe 

X 

a 

a 

u 

»- 

-OC 

a 

• 

x a 

<1 

X u 

C 

X 

a 

a 

31  »-  -i 

K 

►“ 

M k 

k _J 

K 

u 

X 

k« 

X 

X 

4k 

1 

1 

✓> 

I 

UJ 

1 

• 

> 

I 


o 


o 

o 


o 

o 


I 


IT. 

IT 

er 


>0 

in 

nr 


r> 

in 

a 


or 

in 

a 


* 


« 


« 


183 


TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (OONT) 


0 

IA 

1 


e 

la 


a 

Z 

Z 

Ui 

i— • 

•— t 

a 

t 

1 

1 

a 

l 

<r 

tc 

U‘ 

-J 

LL 

Cl 

-J 

00 

z 

-J 

* 

C 

-J 

a 

a 

z 

< 

*— < 

ID 

-J 

o 

-j 

u 

< 

o 

o 

< 

2 

X 

— J 

c 

•J 

»~ 

u 

UJ 

►- 

H 

a 

c 

K 

fr-ri 

-J 

m 

•M 

a 

u 

o 

h 

2 

cl: 

2 

u 

z 

K 

< 

< 

< 

h- 

in 

LL 

►— 

frx* 

a 

X 

> 

LL 

X 

a 

c 

a 

«o 

C 

u 

i/l 

3C 

»— « 

o 

IL 

00 

• 

o ) 

rsJ 

-J 

O UJ 

o 

a 

z 

H >- 

U i 

u 

c. 

» 

i— . 

(\i 

IX 

u! 

t- 

s0  -i 

H 

>0 

_j 

KJ 

i 

z 

• 

I 

z 

CT 

Xi 

u 

< 

3 

00  < 

3 oo 

< 

o 

< 

a 

*- 

L 

• 

CO 

N. 

—I 

UJ 

a 

H U • 

a 

H 

u 

• 

4L 

Ui 

«o 

z 

a 

X 

»a 

a 

o. 

z 

> 

z 

«/> 

X 

Ui 

X 

00 

or 

LX 

C M 

CL 

w 

o 

< 

• 

Q — 

M 

o 

4_4 

X 

t— 

-<  o 

-j 

i 

CJ 

IU 

» 

O 

-j 

X 

H 

(/) 

1 

IA 

K 

w 

u 

Cj 

C 

X 

1 

< 

CJ  to 

C 

OH  • 

-*  e 

o 

H 

• 

•• 

O 

C. 

• 

X 

*— < 

CJ 

H 

Uj 

•J 

11 

A Z to 

ll 

A 

Z 

a 

o 

a 

in 

*T 

LU 

c? 

<? 

in 

r 

LL 

O t/*  LLl 

c 

«« 

— UJ  _J 

_ i 

A 

a 

-i 

• 

Ui 

z 

• 

K 

a. 

K 

>4J 

M 

UJ 

u 

3 r 

CJ 

O' 

a ifl  < 

c 

O'  O' 

«/> 

< 

c 

u 

o < 

m 

i/l 

Ur 

X 

1 

QU 

CJ 

u 

LX 

3 

Ifl 

in  y o 

LJ 

in 

in 

a 

o 

II 

oO 

c 

k. 

LX 

» 

t. 

r 4 

a 

r-« 

1 

< 

• 

t-  U0 

a 

00 

x>  a 

CO 

00 

a 

Z 

H 

u 

►** 

X 

►-* 

* 

O T 

r,  F)  \s> 

C 

r4 

•j  a or 

a 

i—4 

4—1 

a 

a 

rr 

< 

k 

OJ 

» 

-J 

•— # 

►— < 

l/) 

M 

7 < 

u 

— LU  C 

C 

«>«*» 

a 

o 

in 

IX 

O 

u» 

C 

IX 

< 

r 

C, 

La  l 

LL 

o 

o 

a 

a 

~0 

1- 

c 

UL 

n 

<J 

2 

t— 

o 

r* 

o 

r* 

O C 

> 

H 

—1 

in 

-J 

►- 

< 

• 

• 

• 

# • 

*-4 

u. 

LL 

X 

LL 

LL 

< 

z 

r- 

oo 

UJ 

O 

cx 

c 

H 

«“vi  (<»  41 

• 

►«* 

*-* 

•— i 

M 

M 

C- 

jr 

< 

O 

o 

• 

X 

O 

< 

u. 

< 

U 

IX 

cj 

u 

K- 

• 

U. 

•• 

X- 

• » 

< 

•• 

n 

H 

Cl 

-j 

•— « 

in 

h 

on 

•h. 

«/l 

vO 

«_• 

U 

-J 

c. 

z 

Cx 

Z 

h 

z 

U'» 

• 

'JL 

< 

Ui 

C 

-j 

Cl 

> 

a 

►-« 

'D 

u 

o 

a 

C 

cc 

y 

n 

LL 

> 

u 

— i 

LL 

Z 

M 

u 

1-4 

r 4 

r. 

a 

< 

•-j 

U 

m 

c 

*— 

t- 

z 

►— 

w 

iLI 

X 

►* 

in 

»— 

•— • 

Q 

a 

a 

r 

x 

u 

a 

in 

a: 

/’ 

> 

*— > 

H 

X 

a 

c- 

t.’ 

V 

< 

l- 

n 

> 

< 

-J 

a 

U 

-J 

a. 

Cl 

c. 

r_ 

►-* 

<3 

LX 

u 

u 

_J 

u 

»/ 

z 

u 

X 

► 

c 

z 

N>« 

(3 

o 

o 


CL 

c 

LL 


< 


a 

UJ 

Z 


< 

> 


3 

o 


o 

o 


o 

o 


o 

o 


O' 

o 

00 

in 

o 

o 

>0 

oo 

V 

00 

00 

r4 

p-4 

p4 

* 

* 

* 

184 
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TABLE  8.  D ARRAY,  INPUT  VARIABLE  DATA  (CONCL) 
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TABLE  9.  ND  ARRAY 


General  information  for  array  ND: 

Blank  common  reference  location  = 6121 
Array  size  = 100  cells 
Data  type  = Integer 

Array  ND  contains  integer  constants  in  locations  1-20.  Constants 
in  these  locations  are  initialized  by  subroutine  CCNTL,  over- 
lay (8,0).  Locations  21-100  are  used  as  storage  for  index  and 
analysis  control  code  values. 

Locations  identified  by  an  asterisk  (*)  are  identified  by  various 
names.  Refer  to  Table  13  for  variable  names  used  by  each 
subroutine. 

Array 

Variable 

Location 

Name 

Description 

1 

* 

Constant,  1 

2 

* 

Constant,  2 

3 

* 

Constant,  3 

4 

* 

Constant,  4 

5 

Constant,  5 

6 

- 

Constant,  6 

7 

- 

Constant,  7 

8 

- 

Constant,  8 

9 

* 

Constant,  9 

10 

* 

Constant,  10 

11 

- 

Constant,  11 

12 

- 

Constant,  12 

13 

- 

Constant,  120 

14 

Constant,  155 

15 

Constant,  190 

16 

- 

Constant,  31 

17 

- 

Constant,  61 

18 

- 

Constant,  259 

19 

- 

Constant,  18 

20 

- 

Constant,  18 

21 

MATLI 

Torque -box  material  number 

22 

ISC 

Type  of  stringer/ spar  analysis,  metallic 
designs. 

1 = search  for  optimum, 

2 = constant  number, 

3 = constant  spacing 

191 


TABU!  !>.  Nl>  ARRAY  (CONTI)) 


Array 

Location 


Variable 

Name 


Description 


Print  code  for  design  synthesis  and  weight 
analysis  surmary  print  (subroutine  PRTA 
or  ACPRTA  output) . 0 * no  print, 

1 = print. 

Print  code  for  synthesis  and  weight  analysis 
details  at  each  station  (subroutines  PRTB 
and  PRTC  output) . 0 - no  print, 

1 ■ print. 

Nunber  of  dead  weight  iteration  passes 
Miscellaneous  index  values 
Miscellaneous  index  values 
Miscellaneous  index  values 
Miscellaneous  index  values 
Miscellaneous  index  values 
Miscellaneous  index  values 
Code  for  type  of  torque-box  geometry  data, 
subroutine  TBWDC,  overlay  (8,0). 

1 = calculate,  2 ■ input. 

Miscellaneous  index  values 

Code  for  flap  type  device  identification 
subroutines  TEDEV  and  TEWTI,  overlay 
(14,0).  1 ■ TE  flaps,  2 ■ aileron, 

3 - elevator,  4 ■ rudder. 

Control  code  for  subroutine  B0T  analysis 
under  control  of  subroutine  SFSCH,  over- 
lay (10,0).  1 **  compute  allowable  com- 

pression stress  level  for  specified  (b/t) 
and  t^j^  values.  2 ■ compute  allowable 
stress  level  where  available  (b/t)  is 
equal  to  allowable  (b/t). 

Point  counter,  t-skin  search,  subroutine 
TSCH,  overlay  (10,0). 

Code  for  identification  of  type  support 
for  trailing  edge  device,  subroutine 
TEDEV,  overlay  (14,0).  1 = spoilers, 

2 ■ double-slotted  flap^,  3 * triple- 
slotted  flaps,  4 - see  other  types. 
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TABLE  9.  ND  ARRAY  (CONTD) 


Array 

Location 

Variable 

Name 

Description 

34 

IP2 

IM0 

IL2 

NSTIFF 

IL 

IL1 

ILS 

Print  code  for  type  of  data  blocks  to  be 
pointed  by  subroutine  PRIM,  under  control 
of  subroutine  MISCIT,  overlay  (15,0). 

Control  code  for  evaluation  of  section 
requirements,  status  condition  specified 
in  subroutine  STBAR  before  return  of  con- 
trol to  subroutine  TSCH  (variable  named 
IL2  in  TSCH) . 1 = specified  t-skin  OK, 

L(rib)  less  than  L(max).  2 = t-skin  OK, 
L(rib)  set  equal  to  L(max).  3 = avail- 
able L(rib)  less  than  L(min).  4 * avail- 
able stringer  area  too  small,  cannot  be 
distributed. 

Same  as  IM0,  subroutine  TSCH. 

Index  code  for  type  of  stringers,  upper  and 
lower  cover  design,  advanced  composite 
multirib  structures.  1 = integral  "I." 

2 = integral  "Z",  3 = integral  "T", 

4 * integral  "HAT." 

Logic  control  code  for  subroutine  STBAR 
analysis.  Value  specified  as  1 by  sub- 
routine TSCH  (variable  name  IL1) . 1 = do 

complete  T-bar  analysis,  2 = evaluate 
L(rib)  requirements  only.  Code  value  2 
type  currently  not  used. 

Same  as  IL,  subroutine  TSCH. 

Condition  code  for  cover  skin  L-ply  search, 
stringer  design,  advanced  conposite  Multi - 
rib  structures.  0 = initial  point, 

1 = second  point,  2 = intermediate  L-ply 
points,  previous  points  indicate  minimum 
total  T-bar  or  higher  L-ply  values. 

3 = minimum  indicated  between  L-plies 
(i-1)  and  (i) , 4 = last  pass  with  L-ply 
(i)  less  1.0  value.  Recalculate  to 
obtain  final  values. 
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TABLE  9.  ND  ARRAY  (CONTD) 


Array 

Location 

Variable 

Name 

Description 

35 

IM 

Condition  code  for  available  stringer  area, 
metallic  design,  subroutine  STRG.  Status 
specified  by  subroutine  STRG  before  return 
of  control  to  subroutine  STBAR  (variable 
name  IMN).  1 * stringer  area  ok,  2 = 
stringer  area  too  small. 

IKM 

Same  as  IM,  subroutine  STBAR. 

NLS 

Condition  code  for  stringer  L-ply  search, 
critical  buckling  b/t  evaluation,  advanced 
composite  multirib  structures.  0 = initial 
pass  with  stringer  L-ply  value  resulting 
from  P/A  evaluation,  1 = resize  to  larger 
stringer  area,  increase  number  of  L-plies 
by  2.0,  2 * resize  to  smaller  stringer  area, 
decrease  number  of  L-plies  by  1.0. 

36 

NLR 

Condition  code  for  stringer  L-ply  search, 
critical  colunn  length  evaluation,  advanced 
composite  multirib  structures.  0 = initial 
pass  with  stringer  L-ply  values  resulting 
from  buckling  (b/t)  evaluation,  1 * avail- 
able rib  spacing  too  small,  resize  to 
larger  stringer  area,  increase  nuriber  of 
L-plies  by  2.0,  2 = resize  to  smaller 
stringer  area,  decrease  number  of  L-plies 
by  1.0. 

37 

IWEB 

Index  for  front  and  rear  spar,  Metallic 
structures.  1 = front  spar,  2 * rear  spar. 

LSTRCR 

Load  condition  number,  critical  buckling  (b/t). 

38 

NI 

Condition  code  for  rib  web  gage  search, 
metallic  structures. 

39 

IK 

Code  for  type  of  analysis  by  subroutine  CG3P, 
metallic  structures.  1 = parabolic  fit  and 
test  for  minimum  condition,  2 = parabolic 
fit  and  compute  value  of  x at  Y = 1.0. 

KI 

Same  as  IK. 

40 

IL 



Condition  code  for  minimum  condition  test  by 
subroutine  CG3P  when  IK  is  1.  Value  speci- 
fied by  CG3P  before  return  of  control  to 
subroutines  SFSCH  or  TSCH,  overlay  (10.0). 

1 = Minimum  found  at  Y value  stored  in  CXI, 
location  TDC(47)  * T(1347). 
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TABLE  9.  ND  ARRAY  (CONT) 


Array 

Location 

Variable 

Name 

9 

De5cription 

41 

KFC 

Condition  code  for  starting  stress  level 
search,  metallic  structures.  1 = initial 
assumed  values.  2 = initial  assumed 
valUw*  OK,  continue  search  for  larger 
stress  value. 

N1 

Index  code  for  web  no.  1,  first  web  to  be 
used  for  section  J increase,  subroutine 
VFCAL,  metallic  structures  flutter  stiff- 
ness requirement  analysis. 

ILCASE 

Number  of  load  conditions  to  be  analyzed, 
advanced  composite  structures. 

42 

LF1 

Location  index  for  data  set  storage  of 
analysis  data  contained  in  locations 
TSC(381)-TSC(415)  for  stress  level  point 
1,  TSS(IO).  3 sets  of  35-cell  blocks 
stored  in  locations  TSC(121)-TSC(224) . 
Index  value  = 120,  155  or  190. 

N2 

Index  code  for  web  No.  2,  subroutine  VFCAL. 
Refer  to  N1  in  location  41. 

SKC0DE 

Type  code  for  cover  design,  advanced  com- 
posite structures  multispar  for  full- 
depth  honeycomb  sandwich  designs.  1 = 
plate  covers  or  full -depth  honeycomb 
sandwich.  If  plate  SPC0DE,  ND(43)  = 

1 or  2,  if  full -depth  honeycomb  sand- 
wich, SPC0DE  =3.  2 = honeycomb  panel 

covers . 

43 

LF2 

Location  index  for  analysis  data  for  stress 
level  points  2,  TSS(ll),  same  as  LF1, 
ND(42) . 

N3 

Index  code  for  web  No.  3.  Refer  to  N1  and  N2. 

SPC0DE 

Construction  code  for  internal  torque -box 
substructure  (intermediate  spars  and 
ribs),  advanced  composite  structures. 

1 = sine -wave  corrugated  webs,  2 = honey- 
comb panels,  3 = code  for  full -depth 
honeycomb  sandwich  design. 

44 

LF3 

Location  index  for  analysis  data  for  stress 
level  point  3,  TSS(12),  same  as  LF1  and 
LF2  ivND(42)  and  ND(43)J. 
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TABLE  9.  ND  ARRAY  (CONT) 


Array 

Location 

Variable 

Name 

Description 

N4 

Index  code  for  web  No.  4.  Refer  to  Nl,  N2, 
and  N3. 

TYPE 

Control  code  for  type  of  stringer/spar  anal- 
ysis, advanced  composite  structures. 

1 * constant  nunber  of  stringers  or  spars, 

2 = constant  stringer  or  spar  spacing. 

45 

101 

Condition  code  No.  1 for  assuned  stress 
level,  metallic  design  stress  level 
search.  Status  specified  by  subroutine 
TSCH  before  return  of  control  to  SFSCH. 

1 = stress  level  OK,  2 = stress  too  large, 
3 = stress  level  OK,  allowable  rib  spac- 
ing equal  to  or  larger  than  L(max). 

I SKI 

Same  as  101 , name  used  in  TSCH. 

SFC0DE 

Construction  code  for  front  spar,  advanced 
composite  structures.  1 = sine-wave 
corrugated  webs,  2 = honeycomb  panels. 

46 

102 

Condition  code  No.  2 for  assuned  stress 
level,  metallic  design  stress  level 
search.  Status  specified  by  subroutine 
TSCH  before  return  of  control  to  SFSCH. 
1 = T-bar  too  small,  2 = available 
stringer  area  too  small,  3 = available 
rib  spacing  less  than  L(min). 

ISK2 

Same  as  102,  name  used  in  TSCH. 

SRC0DE 

Construction  code  for  rear  spar,  advanced 
conposite  structures.  1 = sine-wave 
corrugated  webs,  2 = honeycomb  panels. 

47 

IMX 

Index  counter  for  stress  level  points,  used 
by  SFSCH  during  search  for  maximum  allow- 
able stress  level  search  between  a valid 
point  and  a higher  stress  level  previously 
evaluated  and  identified  as  an  invalid 
point. 

ICB 

Condition  code  for  bulkhead/ joint  analysis, 
subroutine  BHDJT.  1 = joint  at  current 
station,  2 = no  joint. 

IC 

Control  code  for  analysis  logic,  subroutine 
DLPVT.  1 = calculate  weight,  2 = exit. 
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TABLE  9.  ND  ARRAY  (COOT) 


Array 

Location 


Variable 

Name 


IVFJT 


Description 

Control  code  for  analysis  logic,  subroutine 
WTCAL.  1 = initial  station,  calculate 
section  cross-sectional  area  data  only, 

2 = stations  2-11,  calculate  section 
cross-sectional  area  data  for  current 
station  and  determine  panel  weights. 

Control  code  for  t.orque-box  section  design 
data,  metallic  structures.  1 = no  sta- 
tion-station inputs,  2 = input  data  for 
11  analysis  control  stations. 

Control  code  for  stringer/spar  arrangement 
logic,  flutter  analysis  pass,  subroutine 
SECTD.  Values  setup  during  initial 
strength  analysis  pass. 

Control  code  for  flutter  analysis  pass, 
metallic  structures.  Used  by  subroutines 
SECTD,  SFSCH,  TSCH  and  EIGJC  to  determine 
if  current  sizing  data  are  for  strength  or 
resizing  for  flutter  requirements.  Initial- 
ized to  1.0  by  CNOTR,  set  to  2.0  by 
SECTD  or  VFCSC  if  any  of  4 torque -box 
webs  are  flutter  stiffness  critical  to 
indicate  resizing  required.  Code  value 
of  3 currently  not  specified;  test  logic 
set  up  to  treat  code  value  of  3 as  input 
t(SKIN)  at  all  11  analysis  control  station. 

Same  as  IVF,  name  used  in  TSCH. 

Condition  code  for  number  of  stringers/ spar 
passes,  SECTD/SFSCH  logic,  metallic 
structures.  1 = initial  value  for 
assured  nunber,  2 = second  and  subse- 
quent passes. 

Control  code  for  type  of  section  stiffness, 
(J),  analysis  to  be  used  for  flutter 
stiffness  penalty  evaluation,  metallic 
structures.  1 = (J)  comparison,  non- 
equal  web  thicknesses,  2 = flutter  stiff- 
ness penalty  evaluation  based  on  constant 
web  gage  required  for  flutter. 


TABLE  9.  ND  ARRAY  (CONT) 


Array 

Location 

Variable 

Name 

Description 

54 

LID 

Control  code  for  type  of  design  loads. 

Value  of  2 assigned  if  SWEEP  calculated 
loads  are  to  be  used  (D(205),  SLDID=1.0). 
If  SWEEP  calculated  loads  are  not  to  be 
used  (D(205)=0.0),  then  code  values  are: 

1 = calculate  gross  airloads,  subroutine 
AL0AD,  2 = input  gross  limit  airload 
shears,  bending  moments  and  torsional 
moments,  3 = input  net  design  shears  and 

moments . 

55 

I SEC 

Index  counter  for  analysis  control  stations. 
(1-11)  = root  to  tip,  overlay  (8,0). 

(1-11)  = tip  to  root,  overlay  (10,0)  and 
subroutine  ACNSTR,  overlay  (18,0). 

NSTAT 

Index  counter  for  analysis  control  sta- 
tions, advanced  composite  structures. 
(1-11)  = tip  to  root. 

56 

N0DW 

Dead  weight  pass  counter' 

57 

IGT 

Gross-weight  counter 

IGW 

Gross-weight  counter 

58 

- 

Not  used 

59 

MATL 

Nunber  of  material  property  data  sets  in 
material  properties  library 

60 

NCASE 

Case  counter 

61 

Gross-weight  counter,  same  as  ND(57)  above. 

62 

I SEC 

Index  counter  for  analysis  control  sta- 
tions, advanced  composite  structures. 
(1-11)  = root  to  tip. 

63 

- 

Not  used 

64 

- 

Not  used 

65 

- 

Not  used 

66 

ILWRC 

Control  code  for  lower  cover  analysis, 
metallic  structures,  subroutine  SECTD, 
overlay  (10,0) 

67 

NAF 

Index  code  for  nunber  of  X/C  points  in 
array  DAF  airfoil  tables. 

68 

NCSBC 

j 

Control  code  for  torque-box  analysis:  1 = 
standard  outer-panel  type  analysis. 

2 = constant  cross-section,  constant 
load  at  all  stations  (center- section 
type,  do  tip  section  only). 
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TABLE  9.  ND  ARRAY  (COM') 


i Array 

Location 

Variable 

Name 

Description 

69 

- 

Not  used 

70 

IRG 

Control  code  for  stringer  sizing  logic, 
metallic  structures.  Value  identifies 
the  relative  location  of  the  required 
stringer  web/flange  (b/t)  to  the  control 
values  of  (b/t)  for  a particular  stringer 
type,  stringer  spacing,  and  stringer 
geometry  limits.  Subroutine  STRG  uses 
this  code  value  to  determine  the  applic- 
able stringer  sizing  equations  to  be  used 
to  compute  web  thickness,  web  heights 
and  flange  widths,  if  applicable. 

71 

IMX 

Cs..  trol  code  for  stringer  sizing  logic, 
metallic  structures.  Value  identifies 
Z-type  stringer  element  (web  or  flange) 
that  is  critical  for  buckling  (b/t)  when 
the  element  size  is  at  the  maximum  allow- 
able value.  1 = web,  2 = flange. 

72 

IBT 

Control  code  for  stringer  sizing  logic, 
metallic  structures  (riveted  "Z" 
stringers).  Similar  to  IMX  above  for 
identifying  critical  (b/t)  element.  1 = 
web  for  maximum  height,  2 = flange  at 
minimun  width. 

73 

I0PT 

Condition  code  analysis  point  during  opti- 
mization analysis  of  total  torque  box, 
metallic  structures.  Used  by  subroutine 
TB0PT  to  determine  logic  path  during 
search  and,  if  applicable,  for  output 
print  of  analysis  results. 

74 

I0PI 

Identification  code  for  optimum  analysis 
point  determined  during  optimization  of 
total  torque -box  for  assumed  values  of 
stringer/ spar  spacings  or  numbers, 
metallic  structures,  used  by  subroutine 
TB0PT  when  control  code  I0P1,  ND(82),  is 
specified  as  2,  3,  4,  or  5. 

75-79 

I0PD 

Five-cell  array  for  tracking  of  analysis 
points  evaluated  during  total  torque-box 
optimization  by  subroutine  TB0PT,  under 
control  of  control  code  I0P1,  ND(82). 
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TABLE  9.  ND  ARRAY  (CONT) 


Array 

Location 

Variable 

Name 

Description 

80 

I0PJ 

Control  code,  analysis  control  station 
value  to  be  used  for  total  torque-box 
optimization  for  separate  optimization  of 
the  inboard  and  outboard  sections  of  the 
torque-box  to  different  search  limits  for 
stringer/ spar  spacings  or  numbers.  Cur- 

rently  initialized  and  tested,  but  the 
optimization  logic  is  not  available. 

81 

I0PP 

Point  counter,  used  to  track  current  point 
for  which  analysis  data  is  being  printed. 

82 

I0P1 

Control  code  for  torque-box  optimization 
logic,  metallic  structures.  1 = no  opti- 
mization search  control  in  subroutine 
TB0PT.  2-5  = total  torque-box  optimiza- 
tion under  control  of  TB0PT  logic.  2 * 
optimize  using  constant  number  of 
stringer/ spar  elements,  3 * optimize 
using  constant  stringer/ spar  spacings. 

4 and  5 are  currently  not  used. 

83 

I0PS 

Temporary  storage  location  for  initial 
value  of  ISC,  ND(22). 

84 

I0PC 

Temporary  storage  location  for  initial 
value  of  ICD,  ND(491. 

85 

NPAGE 

Page  counter  for  summary  data  printed 
output 

86 

ISG 

Point  counter  to  identify  calls  to  sub- 
routine TSCH  by  SFSCH,  printed  to  identify 
data  sets  printed  by  subroutine  PRTBK. 

87 

I STB 

Point  counter  to  identify  calls  to  sub- 
routine STEAR  by  TSCH,  printed  to  identify 
data  sets  printed  by  subroutine  PRTBK. 

88 

ISTRG 

Identification  code  to  identify  logic 
statement  number  in  subroutine  SIRG, 
printed  to  identify  data  sets  printed  by 
subroutine  PRTBK. 

89 

- 

Not  used 

90 

- 

Not  used 

91 

- 

Not  used 

92 

IF3 

Mass  storage  file  1 record  number  for 
material  property  data  set  to  be  used  by 
subroutines  MTLCW  and  MTLFW. 
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TABLE  9.  ND  ARRAY  (CONCL) 


Array 

Location 

Variable 

Name 

Description 

93 

IF4 

Temporary  location  for  mass  storage  file  1 
record  number  used  during  storage  and 
retrieval  of  analysis  results. 

94 

- 

Not  used 

95 

- 

Not  used 

96 

- 

Not  used 

97 

IF8 

Temporary  location  for  mass  storage  file  1 
record  number  used  during  storage  and 
retrieval  of  analysis  results. 

98 

- 

Not  used 

99 

- 

Not  used 

100 

- 

Not  used 
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TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS 


General  information  for  array  DC: 

Blank  common  reference  location  = D(1401) 

Array  size  ■ 100  cells 

Array  contains  miscellaneous  program  constants,  constants  for  flutter 
analysis,  data  generation  option, and  torque  box  synthesis.  Sub- 
array names  SLCFS,  DR1S,  DBL0,  and  DSPLI  are  assigned  to  this  array 
to  identify  torque  box  structural  analysis  constants.  Variable 
names  DFREIK,  C0S1O,  SIN10,  G0,  PT4,  PT7,  and  PT8  are  used  to 
reference  array  locations.  General  constants  0.0  and  10"9  are 
located  in  DC (3)  and  DC(13). 


This  array  is  part  of  the  D array;  initial  values  are  contained  in 
the  wing  deck  of  the  SWEEP  permanent  data  bank.  All  initial  array 


values  can  be  changed  by  revising  the  permanent  data  deck  or 
through  D array  reference  cards  in  the  input  variable  data  decks 
for  wing  and  empennage,  locations  D(1401)  through  D(1499). 

(Note:  DC(100)  or  D(1500)  is  used  by  array  DLED1.) 

Data 

Bank 

location  Ref 

Array 

Variable 

Loc 

Value 

Name 

Size 

Description 

1 

0.592079 

- 

- 

Conversion  factor  ft/ 
sec  to  knots 

2 

0.00004427635 

“ 

” 

Density  of  air  at  sea 
level,  lb/cu  in. 

3 

0.0 

- 

- 

Constant  0.0 

4 

0.001 

DFREIK 

1 

Factor  for  El  value, 
front  and  rear  spar 
caps 

Locations 

5-12  contain  constant  for  calculations  of  properties  of  atmosphere. 

5 

35332.0 

- 

- 

Altitude  cutoff,  ft 

6 

971.1 

“ 

“ 

Velocity  of  sound  above 
cutoff  altitude,  ft/sec 

7 

20,786.0 

Constant,  altitude 
*35332.0 

TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS  (CONT) 


Array 

Loc 

Data 

Bank 

Value 

8 

0.3057 

9 

4.2561 

10 

0.000006875 

11 

0.0041023567 

12 

1117.1853 

13 

0.000000001 

14 

1.0 

15 

0.01 

16 

1.0 

17-31 

0.0 

32 

-1.1160 

Location  Ref 


Variable 

Name 


Description 


Constant,  altitude 
*35332.0 

Constant,  altitude 
Constant,  altitude 
<35332.0 

Constant,  altitude 
<35332.0 

Velocity  of  sound  at 
sea  level,  ft/sec 
Constant  10 
Default  value  of 
flutter  cutoff 
speed,  data  genera- 
tion for  flutter 
optimization 
program,  M 
Cy,  fraction  of  sta- 
tion distance  for 
minimum  station 
increment  for 
inclusion  of  add- 
mass  control  station, 
data  generation  fcr 
flutter  optimization 
program. 

ey,  minimum  station 
increment  for 
inclusion  of  add-mass 
control  station,  data 
generation  for  flutter 
optimization  program, 
in. 

Not  used 

Empirical  constant, 
flutter  requirement 
equation 


TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS  (CONT) 


Data 

Location  Ref 

Array 

Loc 

Bank 

Value 

Variable 

Name 

Size 

Description 

33 

1480.0 

Q0 

1 

Dynamic  pressure  Q at 
sea  level,  constant 
for  flutter  require- 
ment calculations 

34 

22. S 

Bnpirical  constant 
flutter  requirement 
equation 

35 

0.8 

PT8 

1 

Empirical  constant, 
flutter  requirement 
equation 

36 

0.4 

PT4 

1 

Empirical  constant, 
flutter  requirement 
equation 

37 

0.7 

PT7 

1 

Empirical  constant, 
flutter  requirement 
equation 

38 

0.98481 

C0S1O 

1 

Cqs  10° , constant, 
flutter  requirement 
equation 

39 

0.17365 

SIN10 

1 

S^  10°,  constant, 
flutter  requirement 
equation 

40 

0.0 

- 

- 

Not  used 

41 

1.0 

“ 

Flutter  requirement 
factor 

42 

0.00001 

Minimum  values  for  A, 
o'  or  A'<r' , constant 
for  flutter  require- 
ment analysis 

43 

32.174 

GOFPS 

1 

Acceleration  constant, 
ft/sec 

44 

45-59 

25.88 

0.0 

VTK 

1 

Bnpirical  constant, 
T-tail  vertical  tail 
flutter  requirement 
equation 
Not  used 

45-59 


0.0 


J AJiLi;  1U.  lx;  ARRAY,  Ml SCLLLANliUUS  CONSTANTS  (CUNT) 


Pat  a 

Location  1 

Ref 

Array 

Loc 

Bank 

Value 

Variable 

Name 

Size 

Description 

60 

- 

- 

Search  tolerance  for  b/t 

61 

0.999 

- 

- 

Search  tolerance  for  b/t 

62-69 

0.0 

- 

- 

Not  used 

(70-74) 

(SLCFS) 

(5) 

Subarray  SLCFS,  blank 
common  reference  = 
D(1470) 

70 

0.600 

SLCFS(l) 

ALps»  cover  overhand 
width  at  front  spar 
for  average  cover  Ny, 
in. 

71 

1 300 

SLCFS (2) 

ALps,  cover  overhang 
width  at  rear  spar  for 
average  cover  Ny,  in. 

72 

0.156 

SLCFS (3) 

tCap  min,  minimum  front 
and  rear  spar  cap  gage, 
0.156  for  aluninun  and 
adv  comp,  0.100  for 
titanium,  in. 

73 

1.000 

SLCFS (4) 

“ 

Factor,  average  tcap 
approximation 

74 

1.000 

SLCFS (5) 

Factor,  effective  t 
width  for  cover  over- 
hang at  front  and 
rear  spars,  for 
average  cover  Ny 

(75-78) 

(DRIS) 

(4) 

Subarray  DRIS,  blank 
common  reference  = 
D(1475) 

75 

0.188 

DRIS(l) 

Fastener  diameter,  ribs 
and  stringers  for  net 
tension  area  calcula- 
tions, in. 

76 

0.250 

DRIS (2) 

Fastener  diameter, 
intermediate  spars 
for  net  tension  area 
calculations,  in. 
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TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS  (CONT) 


Data 

Bank 

Value 

Location  Ref 

Array 

Loc 

Variable 

Name 

Size 

Description 

77 

0.375 

DRIS(3) 

Fastener  diameter, 
front  and  rear  spars 
for  net  tension  area 
calculations,  in. 

78 

0.500 

DRIS (4) 

“ 

Fastener  diameter, 
root  rib,  in. 

(79-89) 

(DBL0) 

CD 

Subarray  DBL0,  blank 
common  reference  ■ 
D(1479) 

79 

0.080 

DBL0(1) 

tweb  min>  minimum  web 
gS|e,  bSlkheads  and 
root  rib,  in. 

80 

0.156 

DBL0(2) 

tCap  min>  minimum 
cap  gage,  bulkheads 
and  root  rib,  in. 

81 

1.210 

DBL0(3) 

corrugation/stiffener 
factor,  bulkheads  and 
root  rib 

82 

1.375 

DBL0(4) 

• 

Leap,  bulkhead  cap 
length,  in. 

83 

1.050 

DBL0(5) 

— 

Area  factor,  bulkhead 
caps  and  webs 

84 

4.000 

DBL0(6) 

Fastener  spacing  fac- 
tor, number  of  fastener 
diameter,  bulkheads 
and  root  rib 

85 

0.375 

DBL0(7) 

■ 

Fastener  diameter, 
bulkheads 

86 

1.000 

DBL0(8) 

Kj,  fastener  hole 
factor,  net  tension 
area  for  bulkhead 
attach  skin  pad 
calculations 

87 

0.125 

DBL0(9) 

tpad  min>  minimum  skin 
pad  gage,  bulkhead 
attach,  in. 
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TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS  (CONT) 


Data 

Location  Ref 

Array 

Loc 

Bank 

Value 

Variable 

Name 

Size 

Description 

88 

1.333 

DBL0(1O) 

- 

KsK.  factor  for  skin 
pads,  bulkhead  attach 

89 

1.750 

DBL0(11) 

Klt>  factor  for  skin 
pad  width,  bulkhead 
attach 

(90-97) 

(DSPLI) 

(8) 

Subarray  DSPLI,  blank 
conmon  reference  = 
D(1490) 

90 

0.500 

DSPLI(l) 

D boit»  chordwise  splice 
fastener  diameter,  in. 

91 

2.5 

DSPLI (2) 

Kd  bolt>  fastener 
spacing  factor,  number 
of  bolt  diameter, 
chordwise  splice 

92 

1.0 

DSPLI (3) 

K?  max>  tension  cutoff 
stress  for  chordwise 
splice:  <2.0  * fraction 

of  Fju 
>2.0  = Fj 

allow- 

able, 

psi 

93 

1.5 

DSPLI (4) 

kBR  max*  bearing  cutoff 
stress  for  chordwise 
splice:  <2.0  = fraction 

of  fBRU 
>2.0  = Fgg  max 
allow- 
able, psi 

94 

2.0 

DSPLI (5) 

Ns,  type  of  splice: 

1 = single  shear 

2 = double  shear 

95 

130,000.0 

DSPLI (6) 

FS  max>  allowable  shear 
stress  for  bolt,  psi 

207 


TABLE  10.  DC  ARRAY,  MISCELLANEOUS  CONSTANTS  (CONCL) 


Data 

Location  Ref 

Array 

Loc 

Bank 

Value 

Variable 

Name 

Size 

Description 

96 

0.288 

DSPLI(7) 

- 

Pboit»  density  of  bolt 
material  (steel) , 
lb/cu  in. 

9/ 

4.5 

DSPLI(8) 

” 

Klj,  factor  for  splice 
width 

98-99 

0.0 

- 

- 

Not  used 

100 

Do  not  use,  used  as 
DLEDl(l) 
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TABLE  11.  ARRAY  REFERENCES,  ARRAY  D 


Reference 


Location  Name  Size  Overlay 


Subroutine  . 

DLPVT,  PIV0T 

CASE,  GC0MP,  GE0MC,  GE0MW, 
TBWDC,  VSGE0M 
LETEI,  LEWT,  TEDEV,  TEWT, 
TEW  I,  WLETE 

CDL,  FDIS,  MISCIT,  MISCNT, 
TBFWI1 

ABDW,  AL0AD,  CNSTC,  GJCAL, 
GJSI , GJTT,  MTLCW,  MTLFW, 
SS2 , VL0AD1 , YBSET 
CSECW,  DEADW,  DWYBA,  PIV0T, 
PR0G,  PRTA,  TB0PT,  TEE, 

TEL,  VL0AD1 

BHDJT,  B0T,  B0TC,  CG3R, 

CNSTR,  EIGJC,  RTRIB, 

SECTD,  SFSCH,  SKWEB,  SS, 
STBAR,  STRG,  STRG0,  STRIB, 
STRIL,  STWEB,  TSCH,  WTCAL 
ACL0AD,  ACNSTR,  ACPR0G, 
ACPRTA,  ACWMS,  ACWRBS, 

AST IFF,  ATB0PT,  AVL0AD, 
BHDJT,  CSECW,  DEADW,  DWYBA, 
PIVOT,  RTRIB,  TEE,  TEL, 
WCAL 

TBFWI , WFLDD,  W0DATA,  WVFDD 
DLP\T,  PIV0T 

AB0XC,  CASE,  GC0MP,  GE0MC, 
GE0MV,  TBWDC,  VSGE0M 
GCNTL,  LETEI,  LEW,  TEDEV, 
TEW,  TEW  I,  IVLETE 
CDL,  FDIS,  MISCIT,  MISCNT, 
TBFWI 1 

ABDW,  AL0AD,  CNSTC,  GJCAL, 
GJTT,  MTFLW,  YBSET 
CSECW,  DEADW,  DLPVT,  PIV0T, 
PRTA,  TB0PT,  TEE,  TEL 


209 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

10 

3HDJT,  B0T,  CG3P,  CNSTR, 

EIGJC,  RTRIB,  SECTD,  SFSCH, 
STRG,  STRIB,  STRTV,  STWEB, 
TSCH,  VFCAL,  WTCAL 

18 

ACEIGJ,  ACL0AD,  ACNSTR, 

ACPR0G,  ACPRTA,  ACWMS, 
ASTIFF,  ATB0PT,  BHDJT, 
CKSFDH,  CSECW,  DEADW, 
DLPVT,  PIV0T,  RTRIB,  TEE, 
TEL,  WEIGH1,  WEIQI2,  WTCAL 

17 

TBFWI,  W0DATA,  WVFDD 

3 

D3 

1 

9,18 

PIV0T 

3 

- 

1 

8 

GE0MW,  TBWDC 

14 

LETEI,  LEWT,  TEDEV,  TEWTI 

15 

FDIS,  MISCIT,  HISCNT 

16 

AL0AD,  CNSTC,  CJCAL 

9 

DEADW,  TB0PT,  TEE,  TEL 

10 

B0T,  B0TC,  SECTD,  STBAR 

18 

ACNSTR,  ATB0PT,  DEADW,  TEE 

TEL 

17 

W0DATA,  WVFDD 

4 

D4 

1 

9,18 

PIV0T 

4 

- 

1 

8 

GE0MV,  TBWDC,  VSGE0M 

14 

TEDEV,  TEWTI 

15 

TBFWI  1 

16 

MTLFW 

9 

PIV0T,  TB0PT,  TEE,  TEL 

10 

BHDJT,  CG3P,  EIGJC,  SFSCH, 

STRIL,  TSCH 

18 

ACEIGJ,  ACNSTR,  ASTIFF, 

BHDJT,  PIV0T,  TEE,  TEL 

17 

TBFWI,  WVFDD 

5 

- 

1 

14 

LEWT,  TEWT,  TEWTI 

9 

TB0PT 

10 

STWEB 

6 

- 

1 

8 

GC0MP,  GE0MW,  VSGB0M 

14 

TEWTI 

9 

TB0PT 

7 

1 

9 

PR0G,  TB0PT 

210 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (COOT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine  ’ 

8 

1 

8 

AB0XC,  DMAX,  GE0MC,  GE0MW, 

' 

TBWDC 

9 

- 

1 

- 

- 

10 

- 

1 

8 

TBWDC 

14 

LEWT,  TEWT 

15 

CDL,  FDIS 

9 

TB0PT,  TEE 

10 

B0T,  TSCH 

18 

TEE 

17 

WFLDD 

11 

- 

1 

8 

TBWDC 

12 

- 

1 

8 

GC0MP 

14 

LETEI 

15 

MISCIT,  MI SCOT,  TBFWI1 

16 

AL0AD,  CNSTC , GJTT 

9 

TEE 

10 

STBAR,  STRIB,  STRIL 

18 

ASTIFF,  TEE 

17 

TBFWI 

13 

- 

1 

- 

- 

14 

- 

1 

10 

EIGJC 

15 

PI 

1 

16 

CNSTC 

9 

PIV0T 

10 

SECTD,  STRIB,  STRIL 

18 

PIV0T,  TEMPC 

17 

WVFDD 

15 

- 

1 

9,18 

PIV0T,  TEE 

16 

- 

1 

8 

GC0MP,  GE0MW,  PRTG,  VSGE0M 

9,18 

PIV0T,  TEE,  TEL 

17 

WFLDD,  WVFDD 

17 

C144 

1 

16 

GJTT 

17 

- 

1 

8 

GC0MP,  GE0MW,  TBWDC,  VSGE0M 

14 

GCNTL,  LEWT,  TEWT  I 

15 

MI  SCOT 

16 

AL0AD,  CNSTC 

18 

- 

1 

- 

- 

19 

- 

1 

8 

TBWDC 

14 

GCNTL,  LEWT,  TEWT I 

16 

AL0AD,  YBSET 

TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Location 


20 

21 


22 

23 

24 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
3.5 

40 

41 

42 

43 

44 


Name 

Size 

Reference 

Overlay 

Subroutine 

9 

CSECW,  PIV0T 

10 

BHDJT,  CG3P,  RTRIB,  STRG, 

STRIB,  STRIL 

18 

AjCWMS,  ACWRBS,  BHDJT,  CSECW 

PIV0T,  RTRIB 

17 

WVFDD 

- 

1 

10 

EIGJC 

- 

1 

14 

LEWr,  TEWTI 

16 

GJSI , WDDATA 

9,18 

PIV0T,  TEE,  TEL 

- 

1 

17 

WVFDD 

- 

1 

10 

STBAR,  STRIB 

DKMIR 

1 

18 

ACNSTR,  WEIGH,  WEIGH2 

- 

1 

9,18 

CSECW 

10 

STBAR,  STRIB 

- 

1 

10 

STRIB 

- 

1 

- 

- 

- 

1 

10 

BHDJT,  STBAR 

18 

BHDJT 

- 

1 

10 

STBAR 

- 

1 

10 

STBAR 

- 

1 

10 

STBAR 

- 

1 

10 

TSCH 

- 

1 

10 

TSCH 

- 

1 

10 

TSQI 

- 

1 

10 

Tsai 

- 

1 

10 

tsqi 

- 

1 

10 

B0T 

- 

1 

10 

SFSCH 

- 

1 

10 

sfsqi 

- 

1 

10 

SFSCH 

- 

1 

10,18 

RTRIB 

- 

1 

16 

SS2 

10 

ss 

- 

1 

16 

SS2 

10 

SS 

- 

1 

16 

SS2 

10 

SS 

- 

1 

16 

SS2 

10 

SS 

TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Reference 


Location 

Name 

Size 

Overlay 

Subroutine 

45 

1 

16 

SS2 

10 

SS 

46 

- 

1 

16 

SS2 

10 

SS 

47 

- 

1 

- 

- 

48 

- 

1 

- 

- 

49 

- 

1 

- 

- 

50 

- 

14 

TEWTI 

10 

STRG,  VFCAL 

51 

- 

14 

LEW,  THWTI 

16 

CNSTC,  WDDATA 

52 

- 

1 

14 

LEWT,  TEWTI 

53 

- 

1 

- 

- 

54 

- 

1 

10,18 

BHDJT 

55 

- 

1 

- 

- 

56 

- 

1 

10,18 

BHDJT 

57 

- 

1 

10,18 

BHDJT 

58-63 

DSPL0 

6 

10,18 

BHDJT 

64 

- 

1 

10 

B0T,  SFSCH,  STRIB,  TSCH 

65 

- 

1 

16 

CNSTC,  CNSTR 

10 

CNSTR 

66 

- 

1 

16 

CNSTC 

67 

- 

1 

16 

CNSTC 

68 

- 

1 

16 

CNSTC 

69 

DKMRR 

1 

10,18 

RTRIB 

70 

- 

1 

16 

CNSTC 

71 

- 

1 

16 

CNSTC 

72 

- 

1 

16 

CNSTC 

73 

- 

1 

8 

CASE 

74 

CKNXI 

1 

10 

CNSTR 

74 

- 

1 

16 

CNSTC 

75 

- 

1 

- 

- 

76 

- 

1 

- 

- 

77 

- 

1 

- 

- 

78 

1 

- 

- 

79 

DLFLD 

1 

15 

FDIS 

80-82 

T0GW 

3 

8 

CASE 

9 

PIV0T,  PR0G,  PRTH 

10 

PRTB,  PRTC 

18 

ACPR0G,  PIV0T,  PRTB,  PRTC, 

PRTH 

3 


TMM.r  ii.  \kr\v  umurviTs.  auk.aa  n (Vi'vn 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

17 

PRTD 

81 

1 

8 

CCNTL 

83 

1 

- 

- 

84 

1 

- 

- 

85 

1 

16 

AIj0AD 

85-86 

2 

8 

CASE 

85 

1 

8 

CCNTL 

86 

16 

AL0AD 

86 

- 

8 

ccotl 

87 

QVL 

8 

CASE 

14 

LEWT,  TEDEV,  TEWT 

15 

MI  SCOT 

87 

- 

1 

8 

CCNTL 

88 

T0GW0 

1 

8 

CASE 

18 

ACL0AL 

88 

- 

1 

8 

CCNTL 

89-92 

T0FL 

4 

8 

CASE 

89 

- 

1 

8 

CCNTL 

91 

- 

1 

8 

CCOTL 

93 

DFUEL 

1 

8 

CASE 

93 

- 

1 

8 

CCOTL 

94-97 

DLFL 

4 

8 

CASE 

16 

ABDW 

94 

- 

1 

8 

CCOTL 

96 

- 

1 

8 

CCOTL 

98-101 

DLUL 

4 

8 

CASE 

98 

- 

1 

8 

CCOTL 

100 

- 

1 

8 

CCOTL 

102-105 

DGWI 

4 

8 

CASE 

102-104 

DGW 

3 

9 

PIV0T,  PR0G,  PRTA,  PRTH 

10 

PRTB,  PRTC 

18 

ACPR0G,  ACPTRA,  PIV0T,  PRTB, 

PRTC,  PRTH 

17 

PRTD 

105 

DGW0 

1 

8 

CASE 

14 

LEWT 

15 

FDIS 

16 

ABDW,  AL0AD 

19 

PR0G 

214 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

106 

1 

18 

ACL0AD,  ACPR0G 

107 

- 

1 

- 

- 

108 

- 

1 

- 

- 

109 

- 

1 

- 

- 

110 

DWID 

1 

16 

ABDW 

110 

- 

1 

8 

CCNTL 

111 

- 

1 

- 

- 

112 

- 

1 

- 

- 

113 

DKDW3 

1 

9,18 

DWYBA 

114 

DKYB1 

1 

9,18 

DWYBA 

115 

DYBKS 

1 

16 

YBSET 

116 

DYBKP 

1 

16 

YBSET 

117 

DYBDP 

1 

16 

YBSET 

118 

- 

1 

- 

- 

119 

- 

1 

- 

- 

120 

- 

1 

- 

- 

121 

- 

1 

- 

- 

122 

ULTLF 

1 

8 

CASE 

123 

1 

15 

16 
9 
18 

CDL 

NfTLCW,  VL0AD1 
DWYBA,  VL0AD 
AVL0AD,  DWYBA 

124 

AC 

1 

9,  18 

PIV0T 

125-127 

TBIBX 

3 

8 

AB0XC,  GE0MIV 

125 

FSL0C 

1 

9,18 

PIV0T 

126 

RSL0C 

1 

9,18 

PIV0T 

127 

- 

1 

8 

CCNTL 

128 

TBYIB 

1 

8 

CE0MV 

129 

TBY0B 

1 

8 

GE0MW 

130-134 

- 

5 

- 

- 

135-137 

TB0BX 

3 

8 

GE0MW 

138 

SWPPC 

1 

8 

GE0MW,  GC0MP 

138 

- 

1 

8 

CCNTL 

139 

Y0BD 

1 

8 

TBWDC 

140 

- 

1 

- 

- 

141 

YIBTC 

1 

8 

GE0MW 

142 

Y0BTC 

1 

8 

GE0MW,  TBWDC 

215 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONI') 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

143 

AFID 

1 

8 

AB0XC,  DMAX,  GE0MC,  GE0MW, 

TBWDC 

144 

DKDW0 

1 

15 

FUIS 

144 

- 

1 

8 

CCNTL 

145-148 

YAF 

4 

8 

GE0MC 

149-152 

AFN 

4 

8 

GE0MC 

153 

AFCC 

1 

8 

AB0XC 

154 

- 

1 

- 

- 

155 

- 

1 

- 

- 

156 

1 

9,18 

PIV0T 

157 

EM 

1 

9,18 

PIV0T 

158 

- 

1 

- 

- 

159-166 

DFLD1 

8 

16 

ABDW 

18 

ACL0AD 

167-174 

DCDL1 

8 

16 

ABDW 

9 

PR0G 

18 

ACL0AD,  ACPR0G 

175 

WYREF 

1 

8 

GE0MV 

175 

. 

1 

8 

CCNTL 

176 

WXREF 

8 

GulMW 

176 

- 

8 

CCNTL 

177 

WCREF 

8 

GE0W 

177 

• 

8 

CCNTL 

178 

WEREF 

1 

8 

GE0MW 

178 

• 

1 

8 

CCNTL 

179-185 

- 

9 O j 

- 

- 

186 

DEPTH 

■ \ 

9,18 

PIV0T 

187 

- 

- 

- 

188 

- 

- 

- 

189 

PERFTU 

;;V 

9,18 

PIV0T,  TEL 

190 

RATFSU 

1 

9,18 

PIV0T 

191 

RH0PIN 

1 

9,18 

PIV0T 

192 

CKA 

1 

9,18 

PIV0T,  TEE,  TEL 

193 

CKB 

1 

9,18 

PIV0T,  TEE,  TEL 

194 

CKC  * 

1 

9,18 

PIV0T,  TEE,  TEL 

195 

FBR 

i 

9,18 

PIV0T 

196 

DPVMN 

1 

16 

MTLCW 

196 

- 

1 

8 

CCNTL 

197 

DPVMT 

1 

16 

MTLCW 

i 


216 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

197 

_ 

1 

8 

CCNTL 

198 

0DPVT 

1 

9,18 

PIV0T 

199 

DN 

1 

9,18 

PIV0T,  TEE 

199 

- 

1 

8 

CCNTL 

200 

DYPVT 

1 

8 

GC0MP,  PRTG,  VSGE0M 

16 

GJCAL,  NfTLCW 

9 

PIV0T,  TB0PT 

18 

ATB0PT,  PIV0T 

17 

PRTD 

200 

1 

8 

CCNTL 

201 

DXPVT 

1 

8 

VSGE0M 

201 

XPVT 

1 

9,18 

PIV0T 

201 

- 

1 

8 

CCNTL 

202 

THPFWD 

1 

9,18 

PIV0T,  TEL 

202 

- 

1 

8 

CCNTL 

203 

THPAFT 

1 

9,18 

PIV0T 

203 

- 

1 

8 

CCNTL 

204 

TTDIH 

1 

17 

W0DATA 

204 

- 

1 

8 

CCNTL 

205 

SLDID 

< D ; 

16 

AL0AD 

1 

18 

ACL0AD 

206-219 

DFL 

15 

FDIS 

206-219 

- 

□ 

8 

CCNTL 

220-231 

CALI 

■9 

16 

AD0AD 

232 

DEXPV 

i 

16 

AL0AD 

233 

DCPKL 

i 

16 

AL0AD 

234 

DKVL 

i 

9 

PR0G 

18 

ACPR0G 

235 

ALGS 

i 

16 

AL0AD 

236 

ALGAR 

i 

16 

AL0AD 

237 

ALGTR 

i 

16 

AL0AD 

238 

ALGB1 

i 

16 

AL0AD 

239 

ALREF 

i 

16 

AL0AD 

239 

- 

i 

8 

CCNTL 

240 

WAREA 

i 

8 

GC0MP,  GEjZMW 
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TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

14 

LEW 

16 

AL0AD 

240 

- 

1 

8 

CCNTL 

241 

WAR 

1 

8 

GC0MP,  GE0MV 

241 

- 

1 

8 

CCNTL 

242 

WSWP 

1 

8 

GC0MP,  GE0MW 

242 

- 

1 

8 

CCNTL 

243 

TCIB 

1 

8 

GE0MW 

243 

WT0C 

1 

9,18 

PIV0T 

243 

- 

1 

8 

CCNTL 

244 

WTR 

1 

8 

GC0MP,  GE0MV 

9,18 

PIV0T 

244 

- 

1 

8 

CCNTL 

245 

WSIG 

1 

8 

GE0MV 

9,18 

PIV0T 

245 

- 

1 

8 

CCNTL 

246 

DSFIJS 

1 

8 

GE0MW 

246 

CCSPN 

1 

9,18 

CSECW 

246 

- 

1 

8 

CCNTL 

247 

WDIH 

1 

8 

GE0MW 

247 

- 

1 

8 

CCNTL 

248 

ZDIH 

1 

8 

GE0MV 

248 

- 

1 

8 

CCNTL 

249 

- 

8 

CCNTL 

250 

DLWG 

8 

CASE 

251 

VFID 

! H 

16 

GJCAL 

18 

ACPR0G,  ACPRTA,  ASTIFF 

252 

VFK 

1 

8 

GE0MW 

253 

VFQ 

KB 

8 

GE0MW 

253 

- 

8 

CCNTL 

254 

VFG 

B ■ 

8 

GE0MW 

254 

- 

8 

CCNTL 

255 

DALV 

16 

AL0AD 

256 

DALCP 

1 V 

16 

AL0AD 

257 

DCPCD 

m 

16 

AL0AD 

258 

DMN 

i 

16 

MTLCW 

259 

DMTI 

i 

8 

GE0MW,  VSGE0M 

16 

MTLCW 

18 

ACL0AD 

218 


f 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (GONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

259 

■ 

8 

CCNTL 

260-270 

PNZM 

16 

AL0AD 

271 

DINID 

18 

ACPR0G,  ACPRTA 

17 

W0DATA 

272-273 

DFXF 

2 

17 

WFLDD 

274-275 

DFXC 

2 

16 

CDL 

17 

WFLDD 

276-277 

DVFF 

2 

17 

WVFDD 

278-279 

DVFC 

2 

17 

WVFDD 

280 

DINTP 

1 

17 

PINT0,  WFLDD 

281 

DTMPB 

1 

18 

ACPR0G 

282 

DTMPGJ 

1 

8 

GE0MW 

282 

- 

1 

8 

CCNTL 

283 

DTMPFL 

1 

18 

ACPR0G 

284 

DTMPF0 

1 

18 

ACPR0G 

285-286 

UPNZ 

2 

8 

CASE 

285 

UPNZ 

1 

15 

CDL 

16 

VL0AD1 

9 

DWYBA,  VL0AD 

18 

DWYBA 

285 

ULTNZ 

1 

14 

LEWT 

286 

UNNZ 

1 

16 

VL0AD1 

9 

VL0AD 

18 

AVL0AD 

287 

DQVL 

1 

8 

CASE 

18 

AVL0AD 

288 

- 

1 

- 

- 

289 

DHVID 

1 

8 

CASE 

14 

LEWT,  TEDEV,  TEWT 

289 

VTID 

1 

16 

ABDW,  GJCAL,  MTLCW,  MTLPW, 

YBSET  • 

10 

SECTD 

18 

ACL0AD 

17 

PRTD,  W0DATA 

289 

- 

1 

8 

CCNTL 

16 

VL0AD1 

9 

VL0AD 

290 

1 

17 

WFLDD 

291 

■ 

■ 

17 

WFLDD 

219 


lVSwv 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

292 

1 

17 

WFLDD 

293 

KIM 

1 

17 

WFLDD 

294 

- 

1 

- 

- 

295 

DGWVF 

1 

17 

WVFDL) 

296 

Kfl 

1 

17 

WVFDD 

297 

1 

17 

WVFDD 

298 

DGWIX 

1 

17 

WVFDD 

299 

WWPC 

1 

17 

WVFDD 

300 

WWCY 

1 

17 

WVFDD 

301 

WWCX 

1 

17 

WVFDD 

302 

WWCIY 

1 

17 

WVFDD 

303 

WWCIX 

1 

17 

WVFDD 

304 

VFMN 

1 

17 

WVFDD 

305 

VFALT 

1 

17 

WVFDD 

306 

VFRH0 

1 

17 

WVFDD 

307 

VFDE 

1 

17  ' 

WVFDD 

308 

VFDG 

1 

17 

WVTDD 

309 

VFKSP 

1 

17 

WVFDD 

310 

mr 

1 

16 

GJTT 

310 

- 

1 

8 

CCNTL 

311 

- 

1 

- 

- 

312 

CJFAC 

1 

8 

GE0MW,  VSGE0M 

313 

GJYI 

1 

8 

GE0MW,  VSGE0M 

314 

GJKI 

1 

16 

GJCAL 

315 

GJY0 

1 

8 

GE0MW,  VSGE0M 

316 

GJK0 

1 

16 

GJCAL 

317 

ART 

1 

16 

GJCAL 

318 

ATP 

1 

16 

GJCAL 

319 

- 

1 

- 

- 

320 

DLLMDA 

1 

8 

GE0MV,  PRTG,  VSGE0M 

320 

- 

1 

8 

CCNTL 

321 

QLMDA 

1 

8 

VSGE0M 

321 

- 

1 

8 

CCNTL 

322 

GLMDA 

1 

8 

VSGE0M 

322 

- 

1 

8 

CCNTL 

323 

TLMDA 

1 

8 

VSGE0M 

323 

- 

1 

8 

CCNTL 

324 

DKLMDA 

1 

8 

VSGE0M 

220 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONI’) 


Location  Name  Size 


325-334 

335 

335 

336 

337 

337 

338 

338 

339 

339 

340 

341 

342 

343 

344 

345 

346-356 

357 

358 

359 

360 
360 
561 


TTVFT 

AMACH 

TTVFQ 

Q 

TTVFG 

TTJFC 

GJS 

GJAR 

GJTR 

GJB1 

GJTC 

GJSIG 

DGJI 

TTID 


STRFN 


CKSK 

CKSTI 

CKSTZ 

SKKMN 

SKKMX 

C0NTC 

DVFID 

DWN0 


Reference 

Overlay 

Subroutine 

16 

GJCAL 

8 

CCNTL 

16 

GJTT 

16 

GJTT 

16 

GJTT 

8 

CCNTL 

16 

GJCAL 

8 

CCNTL 

16 

GJTT 

8 

CCNTL 

8 

GE0MW,  VSGE0M 

8 

GE0MV 

8 

GE0MW 

8 

GE0MW,  VSGE0M 

8 

GE0MW 

8 

GE0MW 

16 

GJCAL 

16 

GJCAL 

8 

CCNTL 

8 

CCNTL 

16 

GJTT 

8 

CCNTL 

16 

CNSTC 

10 

SECTD,  SFSCH,  STBAR,  STRG, 

STRG0,  STRIL,  TSCH 

16 

CNSTC 

16 

CNSTC 

16 

CNSTC 

10 

STRIL 

16 

CNSTC 

16 

CNSTC 

16 

CNSTC 

10 

SECTD 

16 

CNSTC 

9 

PR0G 

18 

ACPR0G 

16 

CNSTC,  YBSET 

TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CQNT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

in 

BHD.  IT,  CNS'i'R,  SIT  IT),  TSCH, 

WTCAL 

18 

BI1L)ST,  WTCAL 

371 

STRMN 

1 

10 

YBSLT 

10 

SECTD,  SFSCH,  STRG,  STRG0, 

tsck 

372 

RBMC 

1 

10 

STRIB 

373-374 

SWBMG 

) 

10 

STWEB 

375 

STLMN 

1 

10 

- CNSTR,  STBAR,  TSCH 

18 

ATB0P1 

375 

- 

1 

9 

PR0G,  TBpPT 

10 

CNSTR 

370 

STIMX 

1 

10 

CNSTR,  STBAR,  TSOI 

18 

ATB0IT 

370 

1 

) 

PR0C,  TB0PT 

10 

CNSTR 

377 

HSTNM 

1 

15 

FDIS 

10 

CNSTC,  YBSLT 

10 

CNSTR,  SECTD,  STRG,  TSCH 

18 

ATB0PT 

377 

- 

1 

9 

PR0G 

378 

HSTMX 

1 

10 

CNSTR,  SECTD,  STRG,  TSCH 

IS 

ATB0PT 

378 

- 

1 

9 

PR0G 

379 

STFMX 

1 

16 

YBSET 

10 

SECTD,  STRG,  STRG0 

18 

ATB0PT 

380 

BMIN 

1 

16 

CNSTC,  YBSET 

10 

CNSTR,  SECTD 

18 

ATB0PT 

380 

- 

1 

9 

PR0G,  TB0PT 

CNSTR 

381 

BMAX 

1 

16 

CNSTC,  YBSET 

SECTD 

18 

ATB0PT 

381 

- 

1 

9 

PR0G,  TB0PT 

CNSTR 

382 

SNM1N 

1 

16 

CNSTC,  YBSET 

222 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (COOT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

10 

SECTD 

18 

ATB0PT 

382 

- 

1 

9 

PR0G,  TR0PT 

10 

CNSTR 

383 

STRCN 

1 

lb 

CNSTC 

18 

ATB0PT 

383 

- 

1 

10 

PR0G 

384 

STFMN 

1 

lb 

CNSTC,  YBSET 

10 

SECTD,  STRG,  STRG0  TSCH 

18 

ATB0PT 

385 

SDCMX 

1 

16 

CNSTC 

38b 

SDTMX 

1 

16 

CNSTC,  MTLCW 

387 

SDSMX 

1 

16 

CNSTC 

388 

SDFCL 

1 

16 

CNSTC 

389 

ELWR 

1 

16 

CNSTC 

390 

RIJ0L 

1 

16 

CNSl’C 

391 

EFLWR 

1 

16 

CNSTC 

392 

CKNXL 

1 

16 

AL0AD,  CNSTC 

10 

CNSTR 

393 

C0LID 

1 

10 

STRIL 

394 

SKMNL 

1 

16 

CNSTC,  YBSET 

10 

CNSTR,  SECTD 

395 

TKMNL 

1 

16 

CNSTC 

10 

CNSTR,  SECTD 

39  b 

DRVT 

1 

10 

ST  BAR 

397 

TRVT 

1 

10 

STBAR,  STRIB 

398 

sdftu 

.1 

16 

CNSTC 

399 

SNMAX 

1 

18 

ATB0PT 

400 

CFRIB 

1 

10 

STRIB 

18 

ACNSTR , ACWSTR,  WEIGH1, 

WEIGH2 

401 

CKLR 

1 

16 

CNSTC 

402 

CKGR 

1 

16 

CNSTC 

403 

C0RMN 

1 

10 

SRRIB 

404 

C0RMX 

1 

10 

SRRIB 

405 

RBLCP 

1 

10 

STRIB 

40b 

DELTW 

1 

10 

STRIB 

407 

CFIX 

1 

10 

SI’RIL 

18 

ACWSTR 

223 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


vocation 

Name 

Size 

408 

DCCSH 

1 

409 

DCCSF 

1 

410-411 

SWKMS 

2 

412-413 

SFSRS 

2 

414-415 

SWRH0 

2 

416-417 

SWBE 

2 

418-419 

SWWST 

2 

420-421 

SWBST 

7 

422 

DELTW 

1 

423-424 

SWBCP 

2 

425-426 

SWKST 

2 

427-428 

SWBCF 

2 

429 

ACKNP 

1 

430 

ACID 

1 

431 

ACCVID 

1 

432 

ACVSTU 

1 

433 

ACVSTL 

1 

434 

ACFDHC 

1 

435 

ACSPID 

wm 

436 

ACFSID 

H 

437 

ACRSID 

E 

438 

ACSSID 

E 

439 

- 

i 

440 

DSKLMU 

i 

441 

DSKLML 

i 

442 

DSTLMJ 

i 

443 

DSTLML 

i 

444 

DB0TEP 

i 

445 

DP0AEP 

i 

446 

- 

i 

447 

i 

Reference 

Overlay 

Subroutine 

16 

CNSTC 

16 

CNSTC 

10 

STWEB,  WTCAL,  WTPIN 

18 

ACNSTR,  WTCAL,  WTPIN, 
WEIGH1,  WEIGH2 

16 

CNSTC 

16 

CNSTC 

16 

CNSTC 

10 

STWEB 

10 

STWEB 

10 

STWEB 

10 

CNSTR,  STWEB 

18 

ACNSTR,  ACWMS,  ACWRBS, 
ASTIFF,  WEIGH1,  WEIGH2 

10 

STWEB 

18 

ACNSTR,  WEIQil,  WEIGH2 

18 

ATB0PT 

10 

PRTB,  PRTC 

18 

ACNSTR,  ACPRTA,  ASTIFF, 
ATB0PT,  PRTB,  PRTC 

17 

WVFDD 

18 

ACPRTA,  ATB0PT,  TB1PC 

18 

ATB0PT 

13 

ATB0PT 

18 

ACWFDH 

18 

ATB0PT 

18 

ATB0PT 

18 

ATB0PT 

18 

ACWMS,  ACWRBS,  ATB0PT 

18 

ATB0PT 

18 

ATB0PT 

18 

ATB0PT 

18 

ATB0PT 

18 

ACSTRG 

18 

ACMRSK 

- 

- 

TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CQNT) 


Location  Name  Size  Overlay 


Reference 


Subroutine 


448 

449 

450 

451 

452 

453-454 

455 

456 

457 

458 

459 

460 

461 


EBASC 

GBASC 

GLWRT 

GFSRT 

STRSK 

STRR0 

ACKIC 

ACPNLI 

ACPNLF 

ACPNLR 

CNSID 


^62-469  DSPR 
462  DTC 


DCRH0 

DBRH0 


DINSL 

DINRH0 

DPFRH0 


16  CNSTC 

16  CNSTC 

16  CNSTC 

16  CNSTC 

10  B0T,  SFSCH,  STRG,  TSCH 

10  B0TC,  SFSCH,  STRG 

18  ATB0PT 

18  ATB0PT 

18  ATB0PT 

18  ATB0PT 

16  CNSTC, YBSET 

9 TB0PT 

10  BHDJT,  B0T,  B0TC,  RTRIB, 

SECTD,  STBAR,  STRG,  STRIB, 
STRIL,  TSCH,  WTCAL 
18  BHDJT,  RTRIB,  WTCAL 

17  PRTD 

10,18  BHDJT,  RTRIB 

16  CNSTC,  YBSET 

10  B0T,  SECTD,  SFSCH,  STRIL 

18  ATB0PT 

16  CNSTC 

16  CNSTC 

18  ACNSTR , ACWSTR,  WEIGH1, 

WEIGH2 

16  CNSTC,  YBSET 

18  ATB0PT 

16  CNSTC,  YBSET 

SECTD 
ATB0PT 

CNSTC,  YBSET 
ATB0PT 
ATB0PT 
ATB0PT 


225 


TABU:  11.  ARRAY  REFERENCES,  ARRAY  D (COOT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

474 

1 

475 

- 

1 

- 

- 

476 

- 

1 

- 

- 

477 

- 

1 

- 

- 

478 

1 

- 

- 

479 

- 

1 

- 

- 

480 

CSlvD 

1 

8 

TBWDC 

9,18 

CSECW 

17 

W0DATA 

481 

CSDEL 

1 

9,18 

CSECW,  DLPVT 

481-510 

DELCS 

30 

17 

PRTD 

482-509 

DEIjCS 

28 

9,18 

CSECW 

482-505 

DLCS 

24 

9 

DLPVT,  TB0PT 

18 

ATB0PT,  DLPVT 

502-505 

DLCR 

4 

9,  18 

CSECW 

506 

CSFS 

1 

8 

TBWDC 

520 

DELS! 

1 

10,18 

RTRIB 

521-528 

DSTIE 

8 

16 

CNSTC 

10,18 

RTRIB 

529 

- 

1 

- 

- 

530-536 

DELPV 

7 

9,18 

DLPVT 

17 

PRTD 

537-549 

- 

13 

- 

- 

550-573 

OKS 

24 

10 

SKWEB,  STWEB 

574-578 

D3KP 

5 

10 

TSQI 

18 

ATBjt'PT 

575 

- 

1 

10 

PRTBK 

57o 

- 

1 

10 

PRTBK 

577 

- 

1 

10 

PRTBK 

578 

- 

1 

10 

PRTBK 

579 

DKMPLI 

1 

18 

ATB0PT 

580-594 

CFMTL 

5,5 

18 

TEMPC 

595 

CFBMU 

1 

18 

TEMPC 

596 

CFBCY 

1 

18 

TEMPC 

597 

DFSRH0 

1 

18 

ATB0PT 

598 

DSTRC5 

1 

18 

ACMRSK 

599 

DSTRC6 

1 

18 

1 

ACMRSK 

226 


TABLi:  11.  ARRAY  REFERENCES.  ARRAY  P f CONTI 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

600-629 

DLTB 

8 

CASE 

16 

CNSTC 

601 

DLLE 

8 

CASE 

602 

DLTE 

1 M 

8 

CASE 

603 

DLMS 

1 

8 

CASE 

630-638 

- 

9 

- 

- 

639-649 

DKFCU 

11 

10 

CNSTR 

650-660 

DBLHD 

11 

10 

CNSTR,  SECTD 

18 

ACNSTR 

661-671 

DJ0NT 

11 

10 

CNSTR,  SECTD 

18 

ACNSTR 

672-685 

- 

14 

- 

- 

686 

DLDID 

1 

8 

CASE 

687-697 

VPNZ 

11 

16 

AL0AD 

698-708 

VNNZ 

11 

16 

AL0AD 

709-719 

11 

16 

AL0AD 

720 

- 

1 

- 

- 

721-731 

DCSKU 

11 

10 

CNSTR 

732-742 

DCSKL 

11 

10 

CNSTR 

743-753 

DTSKU 

11 

10 

CNSTR 

754-764 

DTSKL 

11 

10 

CNSTR 

765-775 

DCBST 

11 

9 

PR0G,  TB0PT 

CNSTR 

18 

ACWMS,  ACWRBS 

776-786 

DCN0S 

11 

9 

PR0G,  TB0PT 

10 

CNSTR 

18 

AGVMS,  ACWRBS 

787-797 

DCLST 

11 

10 

CNSTR 

798-808 

DCUST 

11 

10 

CNSTR 

809-819 

DLCFS 

11 

10 

CNSTR 

820-830 

DlCRS 

11 

10 

CNSTR 

831-841 

DKNXL 

11 

10 

CNSTR 

842-852 

DVFS 

11 

16 

VL0AD1 

9 

VL0AD 

18 

AGVMS,  ACWRBS,  AVL0AD 

853-863 

DVRS 

11 

16 

VL0AD1 

9 

VL0AD 

18 

ACWMS,  ACWRBS,  AVL0AD 

864 

DYID 

1 

8 

TBWDC 

TABU!  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Reference 


Location 

Name 

Size 

Overlay 

Subroutine 

864 

. 

1 

8 

CCNTL 

865-875 

L)YS 

11 

8 

TBWDC 

865-8"5 

- 

11 

8 

CCNTL 

876-886 

DTBW 

11 

8 

TBWDC 

887-897 

DTBD 

11 

8 

TBWDC 

898-908 

DFS 

11 

8 

TBWDC 

909-919 

DRS 

11 

8 

TBWDC 

920-950 

- 

11 

- 

- 

931-941 

UNXU 

11 

16 

YBSET 

10 

CNSTR,  EIGJC,  SECTD,  SFSCH 

18 

ACWMS,  ACWRBS 

942-952 

DN'XL 

11 

10 

CNSTR,  EIGJC,  SECTD,  SFSCH 

18 

ACWMS,  ACWRBS 

953-963 

- 

11 

- 

- 

964-974 

- 

11 

- 

- 

975-985 

- 

11 

- 

- 

986-996 

- 

11 

- 

- 

997-1007 

DY  HU 

11 

16 

YBSET 

1008-1018 

DKF1L 

11 

10 

CNSTR 

1019-1029 

PNhT 

11 

16 

AL0AD 

1030-1040 

ZNNT 

11 

16 

AL0AD 

1041-1051 

DYBL 

11 

16 

YBSET 

1052-1087 

- 

36 

- 

- 

1088-1119 

DTBX 

32 

8 

CASE 

10,18 

WTCAL 

1120 

DTBZI 

1 

15 

FDIS 

1121-1142 

D7BZ 

22 

15 

FDIS 

1143-1154 

DINT1 

12 

14 

LEWT,  TEWT 

15 

FDIS 

1155-1163 

ENP 

9 

18 

ACEIGJ,  ACMRSK,  ACNSTR, 

ACPR0G,  ACSTRG,  ACWFDH, 
ACWMS,  ACWRBS,  ACWSTR, 
ASTIFF,  ATB0PT,  CKSFDH, 
CKSTAB,  TEMPC,  WEIGH1, 
WEIQ12 

1164-1169 

ENH 

6 

18 

ACNSTR,  ACPRTA,  ACWFDH, 

ACWMS,  ATB0PT,  CKSFDH, 
CKSTAB,  TEMPC 

1165 

CFBE 

1 

18 

TEMPC 

1166 

CFBG 

1 

18 

TEMPC 

n*' 


TABLE  11.  ARRAY  REFERENCES,  ARRAY  D (CONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

1170-1204 

TC 

5,7 

18 

TEMPC 

1205-1234 

DLE 

30 

14 

LEWT 

1235-1279 

DTE 

45 

.14 

TEWT 

1280-1294 

DCDL2 

15 

15 

CDL 

- 

1 

8 

CCNTL 

- 

6 

- 

- 

dcnst: 

22 

9 

PR0G 

18 

ACPR0G 

1323-1347 

- 

25 

- 

- 

1348-1352 

STFNH 

5 

18 

ACSTRG,  ACWSTR 

1353-1357 

STFNF 

5 

18 

ACSTRG , ACWSTR 

1358-1364 

- 

7 

- 

- 

MMM  ^ 

D0PT 

1 

9 

PR0G 

1366 

D0PTJ 

1 

9 

TB0PT 

1367-137C 

D0P2 

4 

9 

TB0PT 

18 

ACWMS,  ACWRBS 

1371-1374 

D0P3 

4 

9 

TB0PT 

18 

ACWMS,  ACWRBS 

1375-138C 

- 

12 

- 

- 

1387-1397 

- 

12 

- 

- 

1399 

D0PTP 

1 

9 

PR0G 

1400 

- 

1 

- 

- 

1401-150C 

DC 

100 

- 

DEFINED  IN  TABLE  10. 

1470-1474 

SLCFS 

5 

16 

YBSET 

10 

BHDJT,  CNSTR,  STWEB,  WTCAL 

18 

ACNSTR,  ACWMS,  ACWRBS, 

ASTIFF,  BHDJT,  WEIGH1, 

WEIG12,  WTCAL 

1475-1478 

DRIS 

4 

10 

SECTD,  SFSCH 

1479-1485 

DBL0 

11 

10,18 

BHDJT,  RTRIB 

1490-1497 

DSPLI 

8 

16 

CNSTC 

10,18 

BHDJT 

1498 

- 

1 

- 

- 

1499 

- 

1 

- 

- 

1500-1525 

DLEU1 

30 

14 

LEWT 

1530-1575 

DLEDK 

50 

14 

LEW 

1580-1605 

DTED1 

30 

14 

TEDEV 

1610-1725 

DTED2 

120 

14 

TEDEV 

1730-174- 

DSPDK 

15 

14 

TEDEV 

229 


Reference 


Location  Name  Size  Overlay  Subroutine 


1745-1764  DFLPK  20  14  TEDEV 

1765-1794  DAI  LX  30  14  TEDEV 

1795-1819  DFSP  25  14  TEDEV,  TEWTI 

1820-1854  am  35  15  MISCNT 

1820-1827  - 8 8 CCNTL 

1855-1954  DCDL  100  15  CDL 

17  WVFDD 

1855-1857  - 3 8 CCNTL 

1860-1865  - 6 8 CCNTL 

1867-1869  - 3 8 CCNTL 

1872-1877  - 6 8 CCNTL 

1879-1881  - 3 8 CCNTL 

1884-1889  - 6 8 CCNTL 

1891-1893  - 6 8 CCNTL 

1896-1901  - 3 8 CCNTL 

1903-1910  - 8 8 CCNTL 

1915-1922  - 8 8 CCNTL 

1927-1929  - 3 8 CCNTL 

1932-1937  - 6 8 CCNTL 

1955-1969  DTIP  15  15  MISCNT 

1970-1984  DKDIN  15  14  LETEI 

15  FDIS,  MISCIT,  MISCNT 

17  W0DATA 

1985-2007  DLE  23  8 GE0MC 

2008-2030  DTE  23  8 GE0MC 

2031-2052  DTC  22  8 GC0MP,  GE0MC 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST 


Variable 

Name 

D Array 
Location 

AC 

124 

ACCVID 

431 

ACFDHC 

434 

ACFSID 

436 

ACID 

430 

ACKIC 

457 

ACKNP 

429 

ACPNLF 

459 

ALPNLI 

458 

ACPNLR 

460 

ACRSID 

437 

ACSPID 

435 

ACSSID 

438 

ACVSTL 

433 

ACV'STU 

432 

AFCC 

153 

AFID 

143 

AFN 

149-152 

ALGAR 

236 

ALGB1 

238 

ALGS 

235 

rtLGTR 

237 

ALREF 

239 

AMAC1I 

336 

ART 

317 

ATIP 

318 

BMAX 

381 

BMIN 

380 

CALI 

220-231 

CCSPN 

246 

CFBE 

1165 

8 

8 

8 


17 


17 


*5 

•i 


231 


TARLF.  12.  P ARRAY  VART  ARIFS  CROSS  - RFFFRFNCF  I TST  (CONTI 


Variable 

Name 


CFBCY 

CFBG 

CFBMU 

CFIX 

CFMTL 

CFRIB 

CGFS 

CKA 

CKB 

CKC 

CKGR 

CKLR 

CKNXI 

CKNXL 

CKSK 

CKSTI 

CKsrz 

CNSID 

C0LID 

C0NTC 

C0RMN 

C0RMX 

C0S1O 

CSDEL 

CSFS 

CSWD 

C144 


D Array 
Location 


595 

407 

580-594 

400 
296 

192 

193 

194 

402 

401 
74 

392 

362 

363 

364 
461 

393 
367 

403 

404 
1438 
481 
506 
480 
17 


Overlay  References 


14  I IS  I 16  9 I 10  18  17 


18  17 


18  17 


DALIK 

DALCP 

DALV 

DBKP 

DBLHD 

DBL0 

DB0TEP 

DBRH0 


1765-1794 

256 

255 

574-578 

650-666 

1479-1489 

444 

464 


232 


TAPI.F  ]?.  P ARRAY  VARTARTPS  CROSS  - RITPREWT  1 1ST  from 


Variable 

D Array 
Location 

Overlay  References 

Name 

Size 

8 

14 

15 

16 

9 

10 

18 

17 

DC 

1401-1500 

100 

8 

14 

15 

16 

9 

10 

n 

17 

DCBST 

765-775 

11 

9 

10 

mfm 

DCCSF 

409 

1 

16 

DCCSH 

408 

1 

16 

DCDL 

1855-1954 

100 

15 

17 

DCDL1 

167-174 

8 

16 

9 

18 

DCDL2 

1280-1294 

15 

15 

DCHST 

798-808 

11 

10 

d:lst 

787-797 

11 

10 

DCN0S 

776-786 

11 

9 

10 

18 

DCNST3 

1301-1322 

22 

9 

18 

DCPCD 

257 

1 

16 

DCPKL 

233 

1 

16 

DCRH0 

463 

1 

16 

DCSKL 

732-742 

11 

10 

DCSKU 

721-731 

11 

10 

DEFL 

292 

1 

17 

DELCS 

581-510 

30 

17 

DELCS 

482-509 

28 

9 

18 

DELPV 

530-536 

7 

9 

18 

17 

DELS! 

520 

1 

10 

18 

DELTW 

406 

1 

10 

DELTW 

422 

1 

10 

DEPTH 

186 

1 

9 

18 

DEXPV 

232 

1 

16 

DFL 

206-219 

14 

15 

DFLD1 

159-166 

8 

16 

18 

DFLPK 

1745-1764 

20 

14 

DFREIK 

1404 

1 

18 

DFS 

898-908 

11 

8 

DFSP 

1795-1819 

25 

14 

DFSRH0 

597 

1 

18 

DFUEL 

93 

1 

8 

DFXC 

274-275 

2 

16 

17 

DFXF 

272-273 

2 

17 

DGFL 

293 

1 

17 

DGJI 

346-356 

11 

16 

DGW 

DGWI 

102-104 

102-105 

8 

9 

10 

18 

17 

DGW0 

105 

1 

8 

14 

15 

16 

9 

18 

17 

233 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CCNT) 


Variable 

Name 


D Array 
Location 


Overlay  References 


14  15  16  9 10  18  17 


DGWIX 

DGWIY 

DGWVF 

DHVID 


DINTI 

DINTP 

DJ0NT 


DKFCU 

DKFTL 

DKLMDA 

DKMIR 

DKMPLI 

DKNXL 

DKMRR 

DKS 

DKVL 

DKYB1 

DLCFS 

DLCR 

DLCRS 

DLCS 

DLDID 

DLE 

DLE 

DLEDK 

DLED1 

DLFL 

DLFLD 

DLLE 

DLLMDA 

DLMS 

DLTB 

DLTE 


298 

297 

295 

289 

271 

469 

465 

467 

1143-1154 

280 

661-671 

1970-1984 

144 

113 

639-649 

1008-1018 

324 

24 

579 

831-841 

69 

550-573 

234 

114 

809-819 

502-505 

820-830 

482-505 

686 

1205-1234 

1985-2007 

1530-1579 

1500-1529 

94-97 

79 

601 

320 

603 

600 

602 


234 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

D Array 
Location 

DLUL 

98-101 

DLWG 

250 

DMN 

259 

DMT  I 

259 

DMVT 

1820-1854 

DN 

199 

DNXC 

942-952 

DNXU 

931-941 

D0PT 

1365 

D0PTJ 

1366 

D0PTP 

1399 

D0P2 

1367-13/0 

D0P3 

1371-1374 

DFPRH0 

470 

DPNZ 

85-86 

DP0AEP 

445 

DPVMN 

196 

DPVMT 

197 

bPl 

156 

DP2 

157 

DQVL 

287 

DRS 

909-919 

DRIS 

1475-1478 

DRVT 

396 

DSFUS 

246 

DSKIML 

440 

DSKLMU 

441 

DSKDK 

1730-1744 

DSPLI 

1490-1497 

aSPL0 

58-63 

DSPR 

462-469 

DSTIE 

521-528 

DSTLML 

443 

DSTLMU 

442 

DSTRC5 

598 

DSTRC6 

599 

DTBD 

887-897 

UTBW 

876-886 

UTBX 

1088-1119 

DTBZ 

1121-1142 

Overlay  References 


14  15  16  9 10  18  17 


18 

10  18 
10  18 


10  18 


235 


15 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

D Array 
Location 

Size 

Overlay  References 

8 

14 

15 

16 

9 

10 

18 

17 

DTBZI 

1120 

1 

15 

DTC 

462 

1 

16 

10 

18 

DTC 

2031-2052 

22 

8 

DTCL 

466 

1 

16 

10 

18 

DTE 

1235-1279 

45 

14 

DTE 

2008-2030 

23 

8 

1580-1609 

30 

14 

1610-1729 

120 

14 

DT1P 

1955-1969 

15 

15 

DTMPB 

281 

1 

18 

0IMPFL 

283 

1 

18 

DTMPF0 

284 

1 

18 

UIMPGJ 

282 

1 

8 

DTSKL 

754-764 

11 

10 

DTSKU 

743-753 

11 

10 

DTT 

310 

1 

16 

DVFC 

278-279 

17 

DVFID 

568 

1 

16 

DVFF 

276-277 

2 

17 

DVFS 

842-852 

11 

16 

9 

18 

DVRS 

853-863 

11 

16 

9 

18 

DWID 

110 

1 

16 

DWN0 

369 

1 

9 

18 

DXPVT 

201 

1 

8 

DYBDP 

117 

1 

16 

DYBKP 

116 

1 

16 

DYBKS 

115 

1 

16 

DYBL 

1041-1051 

11 

16 

DYBU 

997-1007 

11 

16 

DYID 

864 

1 

8 

DYPVT 

200 

1 

8 

16 

9 

18 

17 

DYS 

865-875 

1 

8 

D1 

1 

1 

9 

18 

D2 

2 

1 

9 

18 

D3 

5 

1 

9 

18 

D4 

4 

1 

9 

18 

236 


TABLE  12.  I)  ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CON'I) 


Variable 

Name 

D Array 
Location 

Size 

Overlay  References 

m 

14 

15 

16 

9 

10 

18 

17 

EBASC 

450 

1 

II 

EFLWR 

391 

1 

la 

ELWR 

389 

1 

16 

ENH 

1155-1163 

9 

ENP 

1164-1169 

6 

18 

FBR 

195 

1 

9 

18 

FSL0C 

125 

1 

9 

18 

GBASC 

451 

1 

16 

GFSRT 

453-454 

2 

16 

GSAR 

341 

1 

8 

GJB1 

343 

1 

8 

GJFAC 

312 

1 

8 

GJKI 

314 

1 

16 

GJK0 

316 

1 

16 

GJS 

340 

1 

8 

GJSIC 

345 

1 

8 

GJTC 

344 

1 

8 

GJTR 

342 

1 

8 

GJYI 

313 

1 

8 

GJY0 

315 

1 

8 

GLMDA 

322 

1 

8 

GLWRT 

452 

1 

16 

GOFPS 

1443 

1 

16 

1 

HSTMN 

377 

1 

15 

16 

10 

18 

IISTMX 

378. 

1 

10 

18 

237 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

J Array 
Location 

Size 

! Overlay  References 

8 

14 

15 

16 

9 

10 

18 

0DPVT 

198 

1 

9 

18 

PERFTU 

189 

1 

9 

18 

PI 

15 

D 

16 

9 

10 

18 

PNZ 

85 

tm 

16 

PNZM 

260-270 

1 m 

16 

PNZT 

1019-1029 

Q 

16 

PT4 

1436 

f H 

16 

PT7 

1437 

1 

16 

PT8 

1438 

1 

16 

Q 

337 

1 

16 

QLMDA 

321 

1 

8 

QVL 

87 

1 

8 

14 

15 

QO 

1433 

1 

16 

RATFSU 

190 

1 

9 

RBLCP 

405 

1 

10 

RBMG 

372 

1 

10 

RH0L 

390 

1 

16 

RH0PIN 

191 

9 

RSL0C 

126 

H 

9 

TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

D Array 
Location 

Size 

Overlay  References 

8 

14 

15 

16 

9 

10 

18 

17 

SDCMX 

385 

1 

16 

3DFCL 

388 

1 

16 

SDFTU 

398 

1 

16 

SDSMX 

387 

1 

16 

SDTMX 

386 

1 

16 

SFSRS 

412-413 

2 

16 

SIN10 

1439 

1 

16 

SKKMN 

365 

1 

16 

SKKMX 

366 

1 

16 

SKMN 

370 

1 

16 

10 

18 

SKMNL 

394 

1 

16 

10 

SLCFS 

1470-1474 

5 

16 

10 

18 

SLDID 

205 

1 

16 

18 

SNMAX 

399 

1 

18 

SN4IN 

382 

1 

16 

10 

18 

STFMN 

384 

1 

16 

10 

18 

STFMX 

379 

1 

16 

10 

18 

STFNF 

1353-1357 

5 

18 

STFNH 

1348-1352 

5 

18 

STLM'J 

375 

1 

10 

18 

STLMX 

376 

1 

10 

18 

STRCN 

383 

1 

16 

18 

STRFN 

361 

1 

16 

10 

STRMN 

371 

1 

16 

STRR0 

456 

1 

10 

STRSK 

455 

1 

10 

SWBCF 

427-429 

2 

18 

SWBCP 

423-424 

2 

10 

18 

SWBE 

416-417 

2 

m 

16 

■ 

SVVBMG 

373-374 

2 

1 

10 

SWBST 

420-421 

2 

m 

10 

■ 

S1VKMS 

410-411 

2 

10 

18 

1 

SWKST 

425-426 

2 

I 

1 

10 

| 

239 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

D Array 
Location 

Size 

— 

Overlay  References 

8 

14 

15 

16 

9 

10 

18 

17 

SWPPC 

138 

1 

8 

SWRH0 

414-415 

2 

16 

SWWST 

418-419 

2 

10 

TBIBX 

125-127 

3 

8 

TB0BX 

135-137 

3 

8 

TBYIB 

128 

2 

8 

TBY0B 

129 

2 

8 

TC 

1170-1204 

5,7 

18 

TCIB 

243 

8 

THPAFT 

203 

9 

18 

THPFWD 

202 

i 

9 

18 

TKMNL 

395 

i 

16 

10 

TLMDA 

323 

8 

T0FL 

89-92 

8 

T0GW 

80-82 

8 

9 

10 

18 

17 

T0GW0 

88 

i 

8 

18 

TRVT 

397 

i 

10 

357 

■■ 

16 

204 

H 

17 

339 

i 

16 

TTVFG 

338 

i 

16 

TTVFQ 

337 

i 

16 

TTVFT 

335 

i 

16 

ULTLF 

122 

i 

8 

15 

16 

9 

18 

ULTNZ 

285 

i 

14 

UNNZ 

286 

i 

16 

9 

18 

UPNZ 

285 

i 

15 

16 

9 

18 

UPNZ 

285-286 

2 

8 

J 

240 


I 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONT) 


Variable 

Name 

D Array 
Location 

Size 

Overlay  References 

8 

14 

15 

16 

9 

10 

18 

17 

VFALT 

305 

1 

17 

VFDE 

307 

1 

17 

VFDG 

308 

1 

17 

VFG 

254 

1 

8 

VFIL) 

251 

1 

16 

18 

VFK 

252 

■a 

8 

VFKSP 

309 

n 

17 

VFMN 

304 

II 

17 

VFQ 

253 

Kfl 

8 

VFRH0 

306 

17 

VIII 

290 

r Q 

17 

VH2 

291 

B; 

17 

VNNZ 

698-708 

ii 

16 

VPNZ 

686-696 

ii 

16 

VTID 

289 

i 

16 

10 

18 

17 

VTK 

1444 

i 

16 

WAR 

241 

i 

8 

WAREA 

240 

i 

8 

14 

16 

WCREF 

111 

i 

8 

WDIH 

247 

i 

8 

WEREF 

178 

i 

8 

WSIG 

245 

i 

8 

9 

18 

WSWP 

242 

1 mm 

8 

WT0C 

243 

Kfl 

9 

18 

IVTR 

244 

i 

8 

9 

18 

WWCIX 

303 

i m 

17 

WWCIY 

302 

17 

wwa 

301 

17 

IVWCY 

300 

■ 

17 

241 


TABLE  12.  D ARRAY  VARIABLES  CROSS-REFERENCE  LIST  (CONCL) 


Variable 

Name 

D Array 
Location 

WWPC 

299 

WXREF 

176 

WYREF 

175 

XPVT 

201 

YAF 

145-148 

YIBTC 

141 

YIHT 

360 

Y0BD 

139 

Y0BTC 

. 142 

ZER0 

1403 

2 DIM 

248 

ZNNM 

709-719 

ZNNT 

1030-1040 

ZNZ 

86 

TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

ND1 

1 

9,18 

DLPVT 

10 

CG3P,  STRIB,  VFCAL 

N1 

1 

16 

GJTT 

m 

- 

1 

8 

CAER0,  CASE,  CCNTL,  EMAX, 

GE0MC,  GE0MW,  PRTG,  TBWDC 

14 

CT0T1,  GCNTL,  LETEI , LEWT, 

TEDEV,  TEWT 

IS 

CDL,  CT0T2,  FDIS,  MISCIT, 

TBFWI 1 

16 

AL0AD,  CNSTC,  GJCAL,  MTLCW, 

MTLFW,  MTLPW,  YBSET 

9 

DEADW,  DWYBA,  PR0G,  PRTA, 

PRTH,  TB0PT 

10 

BHDJT , B0T,  CG3P,  CNSTR, 

EIGJC,  SECTD,  SFSCH,  SRRIB, 
STBAR,  STRG,  STRG0,  STWEB, 
TSCH,  VFCAL,  WTCAL,  WTPIN 

18 

ACEIGJ,  ACL0AD,  ACNSTR, 

ACPR0G,  ASTIFF,  ATB0PT, 
AVL0AD,  BHDJT,  DEADW, 
DWYBA,  PRTH,  WTCAL,  WTPIN 

17 

CT0T,  PINT0,  PRTD,  TBFWI , 

WFLDD,  W0DATA,  WVFDD 

2 

ND2 

1 

9,18 

DLPVT 

2 

N2 

1 

16 

Gjrr 

2 

- 

1 

8 

CCNTL,  DMAX,  GC0MP,  TBWDC 

14 

GCNTL,  LETEI,  LEWT,  TEDEV, 

TEWT,  TEWT I , WLETE 

15 

CDL,  FDIS,  MISCIT,  PRIM, 

TBFWI 1 

16 

AL0AD,  CNSTC,  GJCAL,  MTLCW, 

MTLFW,  \T0AD1 , YBSET 

9 

CSECW,  DWYBA,  PR0G,  PRTA, 

TB0PT,  VL0AD 

10 

BHDJT,  B0T,  CG3P,  CONSTR, 

EIGJC,  PRTB,  PRTBK,  PRTC, 
SECTD,  SFSCH,  SRRIB,  STBAR, 
STRG,  STRG0,  STRIB,  STWEB, 

TSCH,  VFCAL,  WTCAL 

243 


TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONT) 


Location  Name 


Reference 

Overlay 

Subroutine 

18 

ACEIGJ,  ACL0AD,  ACNSTR, 
ACPR0G,  ACPRTA,  ASTIFF, 
ATB0PT,  AVL0AD,  BHDJT, 
CSECW,  DWYBA,  PRTA,  PRTC, 
WEIGH1 , WTCAL 

17 

PINT0,  PRTD,  TBFWI , WFLOD, 
W0DATA,  wvfdd 

9,18 

DLPVT 

8 

CCNTL 

14 

LETEI , TEDEV,  TEWTI 

15 

CDL,  MISCIT,  MISCNT 

16 

CNSTC,  MTLFW 

9 

CSECW,  PR0G,  PRTA,  TB0PT 

10 

CG3P,  CNSTR,  PRTBK,  SECTD, 
SFSCH,  SRRIB,  STBAR,  STRG, 
STRG0,  TSOI,  VFCAL,  WTPIN 

18 

ACEIGJ,  ACL0AD,  ACPR0G, 
ASTIFF,  AVL0AD,  CSECW, 
WEIGH1 , WTPIN 

17 

PINT0,  PRTD,  WFLDD,  W0DATA, 
WVFDD 

9,18 

DLPVT 

8 

CCNTL,  GEOMW,  VSGE0M 

14 

CT0T1,  GCNTL,  LETEI,  LEWT, 
TEDEV,  TEWT,  TEWTI 

15 

CD!.,  CT0T2,  FDIS,  MISCIT, 
MISCM,  PRTM,  TBFWI  1 

16 

AL0AD,  GJCAL,  MTLFW,  WDDATA 

9 

CSECW,  DWYBA,  PR0G,  TB0PT 

10 

CNSTR,  SFSCH,  STRG,  TSOI, 
VFCAL,  WTPIN 

18 

ACEIGJ,  ACL0AD,  ASTIFF, 
CSECW,  DWYBA,  WTPIN 

17 

CT0T,  PINT0,  PRTD,  TBFWI, 
WFLDD,  W0DATA,  WVFDD 

8 

CCNTL,  EMAX 

14 

TEDEV 

15 

CDL,  MISCIT 

16 

MTLFW 

244 


Reference 


Location 


6 


7 


8 


9 

9 


10 

10 


N;une 

Size 

Overlay 

Subroutine 

9 

PR0G,  PRTA,  TB0PT 

10 

CNSTR,  PRTBK,  PRTC,  SFSCH, 

TSCH 

li* 

ACL0AD,  ACPR0G,  ACPRTA,  PRTC 

17 

PII'TT0,  WVFDD 

- 

1 

8 

CCNTL,  GE0MC,  PRIG 

16 

AL0AD,  MTLFW 

9 

PRTA,  TB0PT 

10 

CNSTR,  PRTB,  SFSCH,  TSCH 

18 

ACNSTR,  ACPRTA,  PRTB 

17 

PINT0,  WVFDD 

- 

1 

8 

CCNTL 

15 

FDTS 

10 

PRTB,  PRTC,  SFSCH,  STWEB, 

TSCH 

18 

ACNSTR,  PRTB,  PRTC 

17 

PINT0 

- 

1 

8 

CCNTL 

14 

TEWTI 

15 

FDIS,  MI  SCOT 

9 

PRTA,  PRTH 

10 

PRTC,  SFSCH,  TSCH 

18 

ACPRTA,  PRTH 

17 

PINT0 

ND9 

1 

9,18 

DLPVT 

- 

1 

8 

CCNTL 

15 

TBFWI1 

9 

PRTH,  TB0PT 

10 

SFSCH,  TSCH 

18 

ATB0PT,  PRTH 

17 

PRTD,  TBFWI,  WVFDD 

ND10 

1 

9,18 

DLPVT 

- 

1 

8 

CCNTL,  GC0MP,  PRTG 

14 

LEWT 

15 

CDL,  FDIS,  MISCIT,  TBFWI 1 

16 

WDDATA 

9 

PR0G,  PRTA,  TB0PT 

10 

SFSCH,  STWEB,  TSCH,  WTCAL 

18 

ACPR0G,  ACPRTA,  WTCAL 

17 

TBFWI,  WVFDD 

TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONT) 


Location 

Name 

11 

Nil 

11 

12 

N12 

12 

13 

14 

- 

15 

- 

16 

- 

17 

- 

18 

Overlay 


Reference 


Subroutine 


GJTT 

CAER0,  CCNTL,  DMAX,  GC0MP, 
PRTG 

CT0T1,  GCNTL,  LETEI 
CDL,  CT0T2,  FDIS,  MISCIT, 
TBFWI1 
DEADW,  PRTA 

BHDJT,  SFSOI,  TSCH,  WTCAL 
ACNSTR,  ACPRTA,  BHDJT,  DEADW, 
WTCAL 

CT0T,  PINT0,  TBFWI , WVFDD 

CJTT 

CCNTL 

LETEI 

CDL,  FDIS,  MISCIT 
AL0AD,  GJCAL,  GJTT,  VL0AD1, 
WDDATA,  YBSET 
DWYBA,  PR0G,  PRTA,  PRTH, 
TB0PT,  VL0AD 
B0T,  CNSTR,  EIGJC,  PRTB, 

PRTC,  SFSOI,  SECTD,  WTCAL, 
WTPIN 

ACL0AD,  ACNSTR,  ACPR0G, 
ACPRTA,  AVL0AD,  DWYBA, 

PRTt,  PRTC,  PRTH,  WTCAL, 
WTPIN 

PINT0,  W0DATA,  WVFDD 

CCNTL 

SFSOI 

CCNTL 

SFSCH 

CCNTL 

SFSCH 

CCNTL 

TSOI 

CCNTL 

TSOI 

CCNTL 

Tsai 


246 


TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONT) 


Reference 


Location 


Name 


Size 


Overlay 


Subroutine 


19 

20 
21 

22 

23 

24 


25 

26 


27 


MATLI 

ISC 

IPA 

IPB 

NDWP 

I 


J 

LT1 

NN 

I 

J 

L 

LT2 

M 

N 


1 

1 

1 

1 

1 

1 


1 

1 


8 

10 

8 

16 

17 
16 
9 
9 

18 

9 

10 
18 
9 

18 

8 

14 


15 


1 

1 

1 

1 

1 

1 

1 

1 

1 


17 

9 

18 

10 
16 

9 

17 

16 

9,18 

10 
17 
14 


15 


9 

18 

17 

16 

9 


CCNTL 

EIGJC 

CCNTL 

NfTLCW,  NfTLFW,  NfTLPW 

PRTD 

CNSTC 

PR0G,  SECTD,  TB0PT 

TB0PT 

ATB0PT 

TB0PT 

CNSTR 

ACNSTR,  ATB0PT 
PR0G 
ACPR0G 
CASE 

GCNTL,  LETEI , LEWT,  TEDEV 
TEWT,  TEWTI 

CDL,  FDIS,  MISCIT,  MISCNT 
TBFWI1 
TBFWI 
DWYBA 
DWYBA 
TSCH 

NfTLCW,  NfTLPW 

PRTA 

PRTD 

YBSET 

DWYBA 

TSCH 

WVFDD 

GCNTL,  LETEI,  LEWT,  TEDEV 
TEWT,  TEWTI 

CDL,  FDIS,  MISCIT,  MISCNT 
PRTM,  TBFWI 1 
PR0G 
ACPR0G 
TBFWI 
YBSET 
PR0G 


I 


f 


28 


I 


1 


TABLE  13.  ARRAY  REFERENCES , ARRAY  ND  (CONT) 


Location  Name 


IRG0 

J 

K 

L 


LT3 

M 

N 

NA 

29  I 


J 

K 


KK 

LCCR 

NS 

30  I 

IN 

J 


Reference 

Size 

Overlay 

Subroutine 

10 

PRTB 

18 

ACPR0G,  PRTB 

1 

10 

PRTBK 

1 

9 

PKTA 

17 

PRXD 

1 

14 

GCNTL 

1 

14 

TEDEV,  TEWT 

15 

CDL,  FDIS,  MISCIT,  MISCNT, 

PRTM 

16 

MTFLW 

9,18 

CSECW 

17 

WFLDD,  WVFDD 

1 

10 

TSCH 

1 

9,18 

DWYBA,  DLPVT 

1 

10,18 

WTCAL 

1 

14 

LETEI 

1 

16 

AL0AD 

9 

TB0PT 

10 

QJSTR,  PRTC,  SECTD,  SFSCH, 

TSCH,  WTCAL 

18 

ACL0AD,  PRTC,  WTCAL 

17 

PINT0,  WFLDD,  W0DATA,  WVFDD 

1 

15 

CDL,  MISCIT 

10,18 

PRTB 

1 

15 

TBFWI1 

16 

MTLFW,  YBSET 

9 

CSECW,  DEADW,  DLPVT,  DWYBA, 

PR0G 

10 

PRTBK 

18 

ACPR0G,  CSECW,  DEADW,  DLPVT, 

DWYBA 

17 

PRTD,  TBFWI 

1 

8 

DMAX 

1 

18 

ACMRSK,  ACWSTR 

1 

14 

LETEI 

1 

9,18 

DEADW 

10 

B0T,  EIGJC 

1 

10 

TSCH,  SFSCH 

1 

16 

ABDW,  CNSTC 

9 

CSECW,  DLPVT 
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TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONT) 


Location 


31 


Name 

Size 

Reference 

Overlay 

Subroutine 

10 

VFCAL,  WTPIN 

18 

CSECW,  DLPVT,  WTPIN 

K 

1 

14 

LEWT,  TEDEV,  TEWT 

15 

CDL,  FDIS,  MISCIT,  MISCNT 

16 

AL0AD 

9 

PRTA 

10 

CNSTR,  PRTB,  PRTC 

18 

ACL0AD,  PRTB,  PRTC 

KD 

1 

14 

LETEI 

L 

1 

17 

PRTD 

N 

1 

8 

AB0XC,  GE0MV 

14 

TEWTI 

16 

MTLFW,  VL0AD1 

9 

VL0AD 

10 

PRTBK,  STWEB 

18 

ATB0PT,  AVL0AD 

17 

PINT0,  WFLDD,  WVFDD 

NS 

1 

15 

TBFWI1 

17 

TBFWI 

I 

1 

16 

CNSTC,  MTLCW,  MTLFW,  MTLPW 

9,18 

CSECW 

10 

PRTBK 

IK 

1 

14 

LETEI 

IWD 

1 

8 

TBWDC 

K 

1 

16 

VL0AD1 

9 

VL0AD 

18 

AVL0AD 

17 

PINT0,  WFLDD,  WVFDD 

KK 

1 

10 

B0T 

M 

1 

14 

LEWT,  TEDEV,  TEWTI 

15 

CDL,  TDIS,  MISCIT 

N 

1 

16 

ABDW,  AL0AD 

9 

DEADW,  DLPVT,  PRTA,  PRTH, 

TB0PT 

10 

CNSTC,  PRTB,  PRTC,  SFSOI, 

STRIB,  TSCH,  VFCAL,  WTPIN 

18 

ACL0AD,  DEADW,  DLPVT,  PRTB, 

PRTC,  PRTH,  WTPIN 

17 

PRTD 

TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONT) 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

NA 

1 

EH 

TBFWI1 

TBFWI 

NMAX 

1 

18 

ACMRSK,  ACWFDH,  ACWMS,  ACWRBS, 

ACWSTR,  CKSFDH,  CKSTAB 

32 

I 

1 

17 

TP  I NT 

1 

14 

TEDEV,  TEWTI 

IKI 

1 

10 

B0T,  SECTD,  SFSCH 

KD 

1 

15 

TBFWI 1 

17 

TBFWI 

NSKIN 

1 

18 

ACMRSK,  ACWSTR 

33 

IFK 

1 

14 

TEDEV 

I M0 

1 

10 

STBAR 

IP2 

1 

15 

MISCIT,  PRIM 

NSTIFF 

' D 

18 

ACSTRG,  ACWSTR 

34 

IL 

10 

STBAR 

IL1 

1 

10 

TSCH 

1LS 

Km 

18 

ACWSTR 

35 

IL2 

10 

TSCH 

IM 

1 I 

10 

STRG 

INN 

i 

10 

STBAR 

NLS 

i 

18 

ACWSTR 

36 

IL3 

i 

10 

TSCH 

NLR 

i 

18 

ACWSTR 

37 

I WEB 

i 

10 

SECTD,  STWEB 

LSTRCR 

i 

18 

ACMRSK 

38 

NI 

i 

10 

SRRIB,  STRIB 

39 

IK 

i 

10 

B0T,  CG3P,  PRTBK,  SFSCH, 

STRG,  STWEB,  TSCH 

KI 

i 

10 

STRIB 

40 

IL 

i 

10 

CG3P,  TSCH,  SFSCH 

41 

ILCASE 

i 

18 

ACL0AD,  ACMRSK,  ACPR0G, 

ACWFDH,  AOVMS,  ACKRBo, 

ACWSTR,  TEMPC 

KFC 

i 

10 

SFSCH 

Nl 

i 

10 

VFCAJ. 

42 

LF1 

i 

10 

SFSCH 

N2 

i 

10 

VFCAL 

SKC0DE 

i 

18 

ACWMS,  ACWRBS,  WEIGH1 

43 

LF2 

i 

10 

SFSCH 
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TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (OONT) 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

N3 

1 

10 

VFCAL 

SPC0DE 

18 

ACWMS,  ACWRBS,  ACWSTR,  WEIGH1, 

WEIGH2 

44 

LF3 

1 

10 

SFSCH 

N4 

1 

10 

VFCAL 

TYPE 

1 

18 

ACWMS,  ACWRBS,  ACWSTR 

45 

101 

1 

10 

SFSCH 

ISK1 

1 

10 

TSOI 

SFC0DE 

1 

18 

ACWMS,  ACWRBS,  WEKH1,  WEIGH2 

46 

102 

1 

10 

SFSCH 

ISK2 

1 

10 

TSCH 

SRC0DE 

1 

18 

ACWMS,  ACWRBS,  WEIGH1,  WEIGH2 

47 

IC 

1 

9,18 

DLPVT 

ICB 

1 

10,18 

BHDJT 

IMX 

1 

10 

SFSCH 

48 

IC 

1 

10 

CNSTR,  WTTCAL 

18 

acnstr,  wttcal 

49 

I CD 

1 

16  | 

CNSTC 

9 1 

TB0PT 

10 

CNSTR,  SECTD 

50 

IDVF 

1 

10 

SECTD 

51 

IDSK 

1 

10 

TSCH 

IVF 

1 

10 

CNSTR,  EIGJC,  PKrB,  PRTC, 

SECTD,  SFSCH,  VFCAL 

18 

PRTB,  PRTC 

52 

IB 

1 

10 

SECTD,  SFSCH 

53 

IVFJT 

1 

16 

CNSTC 

10 

PRTB,  VFCAL 

18 

PRTB 

54 

LID 

1 

8 

CASE 

16 

ABDW,  AL0AD,  VL0AD1 

9 

VL0AD 

18 

AVL0AD 

55 

I SEC 

1 

8 

AB0XC,  TBWDC 

10 

BHDJT,  CNSTR,  EIGJC,  PRTB, 

PRTBK,  PKl'C,  SECTD,  SFSCH, 
STWEB,  WTCAL,  WTTPIN 

18 

ACNSTR,  BHDJT,  PRTB,  PRTC, 

WTCAL,  WTTPIN 
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TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CONI') 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

NSTAT 

1 

18 

ACMRSK,  ACSTRG,  ACWMS,  ACWRBS, 

ACWSTR,  CKSFEH,  CKSTAB 

55 

- 

1 

10 

CG3P 

56 

N0DW 

1 

16 

VL0AD1 

9 

DEADW,  DWYBA,  PR0G,  PRTA, 

PRTH,  TB0PT,  VL0AD 

10 

CNSTR,  PRTB,  PRTBK 

18 

ACPR0G,  ACPRTA,  ATB0PT, 

AVL0AD,  DEADW,  DWYBA,  PRTB, 
PRTH 

56 

- 

1 

10 

CG3P 

57 

IGT 

1 

9 

PR0G,  TB0PT 

I GW 

1 

9 

DLPVT,  PIV0T,  PRTH 

10 

PRTB,  PRTC 

18 

DLPVT,  PIV0T,  PRTB,  PRTC, 

PRTH 

58 

- 

- 

- 

Not  used 

59 

NMATL 

1 

8 

CCNTL 

16 

MTLCW 

60 

NCASE 

1 

8 

CCNTL,  PRIG 

14 

WLETE 

16 

ABDW,  AL0AD,  GJTT,  MTLPW, 

VL0AD1 

9 

DEADW,  DWYBA,  PIV0T,  PRTA, 

PRTH,  VL0AD 

10 

PRTB,  PRTC 

18 

ACL0AD,  ACPRTA,  AVL0AD,  DEADW, 

DWYBA,  PIV0T,  PRTB,  PRTC, 
PRTH 

17 

PINT0,  PRTD,  WFLDD,  W0DATA 

61 

IGW 

1 

16 

VL0AD1 

9 

DEADW,  DWYBA,  PR0G,  PRTA, 

TB0PT,  VL0AD 

18 

ACPR0G,  ACPRTA,  ATB0PT, 

AVL0AD,  DEAEW,  DWYBA 

17 

W0DATA 

62 

I SEC 

1 

18 

ACWMS,  ACWRBS 

63 

- 

- 

- 

Not  used 

64 

- 

- 

Not  used 

65 
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TABLE  13.  ARRAY  REFERENCES,  ARRAY  ND  (CQNT) 


I 

! 


Location 

Name 

Size 

Reference 

Overlay 

Subroutine 

66 

ILWRC 

1 

10 

SECTD 

67 

NAF 

1 

8 

DMAX,  GE0MC 

68 

NCSEC 

1 

8 

TBWDC 

16 

AL0AD 

10 

CNSTR 

69 

- 

- 

- 

Not  used 

70 

IRG 

1 

10 

STRG,  STRG0 

71 

IMX 

1 

10 

SECTD,  STRG,  STRG0,  TSCH 

72 

IBT 

■ 

10 

SECTD,  TSCH 

73 

I0PT 

1 

9 

TB0PT 

74 

I0PI 

1 

9 

PR0G,  PRTA,  TB0PT 

10 

CNSTR 

75 

I0PD 

5 

9 

TB0PT 

76 

- 

- 

- 

Not  used 

77 

- 

- 

- 

Not  used 

78 

- 

- 

- 

Not  used 

79 

- 

- 

- 

Not  used 

80 

I0PJ 

1 

9 

PRTA,  TB0PT 

CNSTR 

81 

I0PP 

1 

9 

PRTA,  TB0PT 

82 

I0P1 

1 

16 

VL0AD1 

9 

PR0G,  PRTA,  PRTH,  TB0PT, 

VL0AD 

Q,STR,  PRTB,  PRTC 

18 

AVL0AD,  PRTB,  PRTC,  PRTH 

83 

I0PS 

1 

9 

PR0G 

84 

I0PC 

1 

9 

PR0G 

85 

NPAGE 

1 

8 

CCNTL 

9 

PRTA 

18 

ACPRTA 

86 

ISG 

1 

SFSCH 

87 

I STB 

1 

TSCH 

88 

ISTRG 

1 

STRG 

89 

- 

- 

- 

Not  used 

90 

- 

- 

- 

Not  used 

91 

- 

- 

Not  used 

92 

IF3 

1 

16 

MTLCW 

9 

CNSTR 

93 

IF4 

1 

9 

PR0G,  TB0PT 

18 

ACPR0G,  ATB0PT 
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TABLE  14.  ARRAY  REFERENCES,  ARRAY  DC 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

1 

- 

1 

17 

WVFDD 

2 

- 

1 

17 

WVFDD 

3 

ZER0 

1 

9,18 

DLPVT 

3 

1 

8 

14 

15 

16 

9 

10 
18 

17 

AB0XC,  CASE,  DMAX,  GC0MP, 
GE0MC,  GE0MV,  PRTG,  TBWDC, 
VSGE0M 

GCNTL,  LETEI , LEW,  TEDEV, 
TEWT,  TEWTI,  WLETE 

CDL,  FDIS,  MISCIT,  MISCNT, 
TBFWI1 

ABDW,  AL0AD,  CNSTC,  GJCAL, 
GJTT,  MTLFW,  VL0AD1, 

WDDATA,  YBSET 

CSECW,  DEADW,  PR0G,  PRTA, 
T30PT,  VL0AD 

BHDJT,  B0T,  CNSTR,  EIGJC, 
RTRIB,  SECTD,  SFSCH,  STBAR, 
STRG,  STRIB,  STRIL,  STV/FB, 
TSCH,  VFCAL,  WTCAL.WTPIh 

ACEIGJ,  ACLOAD,  ACNSTR, 
ACPR0G,  ACPRTA,  ACWSTR, 
ATB0PT,  AVL0AD,  BHDJT, 
CSECW,  DEADW,  RTRIB,  WTCAL, 
WTPIN 

PRTD,  TBFWI , WFLDD,  W0DATA, 
WVFDD 

4 

DFREIK 

1 

18 

ACEIGJ 

4 

- 

1 

10 

EIGJC 

5 

- 

1 

17 

WVFDD 

6 

- 

1 

17 

WVFDD 

7 

- 

1 

17 

WVFDD 

8 

- 

1 

17 

WVFDD 

9 

- 

1 

17 

WVFDD 

10 

- 

1 

17 

WVFDD 

11 

- 

1 

17 

WVFDD 

12 

- 

1 

17 

WVFDD 

13 

- 

1 

9 

PRTA 

14 

- 

1 

17 

WVFDD 

15 

- 

1 

17 

WVFDD 

16 

1 

17 

WVFDD 

TABLE  14.  ARRAY  REFERENCES,  ARRAY  DC  (CONCL) 


Reference 

Location 

Name 

Size 

Overlay 

Subroutine 

17-31 

■■■ 

Not  used 

32 

- 

1 

GJCAL 

33 

Q0 

1 

r 

GJTT 

33 

- 

1 

16 

GJCAL 

34 

- 

1 

16 

GJCAL 

35 

PT8 

1 

16 

GJTT 

35 

- 

1 

16 

GJCAL 

36 

PT4 

1 

16 

GJTT 

36 

- 

1 

16 

GJCAL 

37 

PT7 

1 

16 

GJTT 

37 

- 

A 

16 

GJCAL 

38 

C0S1O 

1 

16 

GJTT 

38 

- 

1 

16 

GJCAL 

39 

SIN10 

1 

16 

GJTT 

39 

- 

1 

16 

GJCAL 

40 

- 

- 

- 

Not  used 

41 

- 

1 

16 

GJCAL 

42 

- 

1 

16 

GJCAL 

43 

GOFPS 

1 

16 

GJTT 

44 

VTK 

1 

16 

GJTT 

45-59 

- 

- 

- 

Not  used 

60 

- 

1 

10 

B0TC 

61 

- 

1 

10 

B0TC 

62-69 

- 

- 

- 

Not  used 

70-100 

D array  references  (refer  to 
Tables  8 and  10.) 
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Section  II 


METHODOLOGY 


INTRODUCTION 

The  wing  and  empennage  module  of  SWEEP  is  a fully  integrated  module  that 
analytically  determines  weight  and  mass  distributions  of  the  major  structural 
components  of  lifting  s Traces.  The  developed  logic  and  analytical  procedures 
are  designed  for  use  during  preliminary  design  phases  of  aircraft  design. 

Logic  for  assumptions  and  optional  computational  procedures  are  programmed  and 
data  manipulation  designed  so  that  this  module  can  be  used  from  the  initial 
conceptual  period  through  the  point  design  study  phase  of  preliminary  design. 
However,  the  program  is  geared  primarily  to  provide  quick  but  rational  esti- 
mates of  weight,  weight  distributions,  and  preliminary  estimates  of  design 
criteria  and  requirements  in  a phase  zero  operational  environment,  when  only 
minimal  engineering  date  are  available  and  fast  reaction  time  is  important. 

One  of  the  primary  objectives  toward  which  the  logic  and  computational 
routines  are  structured  is  to  produce  weight  sensitivities  to 
(1)  configuration-oriented  lifting  surface  geometry,  (2)  vehicle  design 
criteria  and  specifications,  (3)  structural  design  criteria  and  specifications, 
and  (4)  fabrication  and  design-oriented  criteria  and  constraints. 

The  program  is  basically  designed  to  evaluate  wing  surfaces  of  fixed  or 
variable -sweep  designs  primarily  constructed  of  metallic  materials.  Minor 
logic  changes  plus  inclusion  of  additional  analysis  routines  and  input  data 
allow  for  analysis  of  empennage  surfaces,  including  T-tail  configurations. 
Torque  boxes  constructed  of  advanced  composite  materials  such  as  boron/epoxy 
and  graphite/epoxy  are  evaluated  by  execution  of  a separate  segment  of  the 
module.  Ibis  segment  consists  of  analysis  routines  designed  to  synthesize  and 
evaluate  torque  box  components  using  procedures  similar  to  those  used  for 
metallic  analysis.  Similar  assumptions  for  structural  idealization,  external 
load  reactions,  structural  synthesis,  and  weight  analysis  are  made,  where 
possible,  to  insure  compatible  results  between  the  two  methods. 

Lifting  surfaces  are  treated  as  long  slender  cantilever  beams  resisting 
shears  and  bending  moments  through  n.  system  of  covers  and  supporting  struc- 
tures. A three-dimensional  approximation  of  the  main  box  structure  is  modeled 
from  planform  geometry  and  airfoil  parameters  so  that  cover  and  support  struc- 
ture weights  can  be  synthesized  at  11  structural  stations  to  satisfy  imposed 
constraints  of  vehicle  criteria  and  design.  The  synthesis  technique  considers 
design  criteria  and  loadings,  physical  geometries,  material  properties,  types 
of  construction,  fabrication  and  design  constraints,  etc,  in  the  development 
of  structural  sections  which  are  optimized  to  satisfy  strength,  stiffness,  and 
stability  of  the  cover  and  support  structures.  The  synthesized  structural 
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data  are  used  in  determining  weight  and  weight  distributions  by  a weight 
evaluation  routine.  TTie  estimates  are  based  on  volumetric  integration  of  the 
optimized  structural  requirements  to  which  weight  indexing  factors  are  applied; 
weight  increments  for  unique  and/or  local  structure  requirements  such  as  dis- 
continuities, cutouts,  splices,  etc,  are  determined  through  control  indicators 
and  weight  factors.  Leading  edge,  trailing  edge,  tip,  and  secondary  structural 
component  weights  are  computed  from  program- derived  geometric  data,  statistical, 
and  vehicle  environment  data. 

The  module  consists  of  five  interrelated  sections  programmed  for  an 
integrated  analysis  of  lifting  surfaces: 

1.  Mathematical  description  of  the  physical  features  of  the  general 
lifting  surface  and  structural  component  geometries 

2.  Synthesis  and/or  processing  of  design  criteria  and  requirements 

3.  Structural  synthesis  of  the  primary  structural  box 

4.  Mass  properties  evaluation  of  the  major  structural  components  of  the 
lifting  surface 

5.  Processing  and  tabular  output  of  results  of  mass  properties  prediction 
and  optional  output  of  results  of  the  preceding  four  design  synthesis 
vd  analysis 

Figu.e  13  is  a functional  flow  diagram  showing  the  major  parts  of  the 
win*;  and  empennage  weight  estimation  module.  The  iteration  loop  includes 
required  logic  programmed  to  (1)  damp  out  effects  of  design  loads  changes 
resulting  from  differences  in  assumed  to  calculated  torque  box  weights,  and 
(2)  damp  out  effects  of  couple  arm  changes  resulting  from  changes  in  torque  box 
cover  requirements.  Figure  14  shows  the  general  logic  and  evaluation  sub- 
routine flow  for  the  module  metallic  analysis.  Logic  and  evaluation  flew  for 
advanced  composite  designs  is  similar,  except  for  the  detail  analysis  pro- 
cedures used  for  torque  box  synthesis  and  optimization. 

The  structural  synthesis/weight  analysis  scheme  provides  a detailed 
evaluation  of  the  structural  requirements  and  mass  properties  characteristics 
of  lifting  surface  structures  by  treating  each  major  component  separately. 
Weights  are  synthesized  at  various  control  points  on  the  planform  based  on 
specifications  in  the  input  data  set  and  processed  into  a weight  distribution 
surface  (Figuie  15).  The  surface  is  integrated  numerically  for  necessary 
mass  properties  data. 

The  wing  and  empennage  module  consists  of  eight  overlays  with  subprograms 
written  to  perform  one  or  more  of  the  five  tasks  previously  listed.  The  first 
overlay,  overlay  (8,0),  includes  the  subroutines  that  compute  necessary 
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Figure  13.  General  program  functional  flow  diagram. 
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ASC  CONTROL 
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Figure  14.  Logic  and  execution  subroutine  flow  diagram  for  lifting 
surface  structural  weight  estimating  module. 


geometry  data  for  use  by  the  other  seven  overlays.  Design  data  for  the 
synthesis  of  the  torque  box  are  computed  and  organized  by  the  routines  in 
overlay  (16,0).  Overlays  (14,0)  and  (15,0)  are  weight  analysis  overlays. 

Mass  properties  estimates  are  made  by  routines  in  these  overlays  for  the  syn- 
thesis analysis;  leading  edge,  trailing  edge,  store  fitting,  and  tip  structure 
weight  estimates  are  made  by  these  overlays  for  the  final  estimates  of  these 
structures. 

Overlays  (9,0),  (10,0),  and  (18,0)  include  the  control  and  evaluation 
routines  for  the  structural  synthesis  and  weight  analysis  of  the  primary  load- 
carrying components.  Metallic  structures  are  analyzed  with  overlays  (9,0) 
and  (10,0);  advanced  composite  structures  by  overlay  (18,0). 

Overlay  (17,0)  includes  the  primary  lifting  surface  weight  and  desipn 
summary  output  routines.  Other  print  subroutines  are  included  in  all  owrlays, 
for  output  of  analysis  results  on  option  of  the  user. 


WSSJl  *<«:* 


LIFTING  SURFACE  GEOMETRY 


Wing  and  empennage  planforms  are  described  by  a system  of  lines  based 
on  the  orthogonal  coordinate  system  shown  in  Figure  16.  The  air  vehicle 
centerline  is  the  X-axis  (positive  aft) , with  the  apex  station  as  the  reference 
point  to  position  the  wing  or  empennage  surface  relative  to. the  other  struc- 
tural components  of  a given  vehicle  configuration.  The  Y-axis  is  .parallel  to 
surface  buttock  plane  stations  (positive  outboard) ; the  Z-axis  is  normal  to  the 
X-Y  plane  defining  vehicle  water  planes  (positive  up).  All  planform  line 
equations  used  for  geometry  description  are  expressed  in  the  form: 

X = a (Y)  + C (1) 

Where 

X = X-coordinate,  in. 

Y = Y- coordinate,  in. 

a = slope  of  line  (tangent  of  sweep  of  line  relative  to  Y-axis 

(positive  aft) 

C = X-axis  intercept  of  line  (fuselage  station) 


PLANFORM  GEOMETRY 

Conventional  aerodynamic  expressions  for  the  theoretical  trapezoidal 
planform  geometry  of  lifting  surfaces  are  used  to  define  the  reference  outline 
of  the  surface  (Figure  16) . Pertinent  geometric  line  and  control  points  and 
all  other  required  data  are  developed  from  the  relationships  of: 


_ (AR  x S)'* 
144 


S 


(b/2)  CR  (1  +A) 
144 


(2) 

(3) 


Cf  = A CR 


(4) 


263 


IVhere 

S = theoretical  planform  area,  sq  ft 
AR  = planform  aerodynamic  aspect  ratio 
A s planform  taper  ratio 
b * surface  aerodynamic  span,  in. 

CL  = centerline  planfonn  aerodynamic  chord,  in. 
CL  = planform  tip  chord,  in. 


The  sweep  of  a reference  chord,  A reference  (quarter  chord,  leading  edge, 
etc) , and  the  apex  fuselage  station  provides  the  required  data  to  position  the 
spanwise  chords  relative  to  the  centerline  chord,  and  the  planfonn  relative  to 
the  fuselage.  Slopes  of  chord  element  lines  other  than  the  reference  chord 
line  are  determined  from  one  of  the  following  expressions: 


L\Lk£ 

AR  [(1+A) 


(5a) 


^TIP  ' XR 
b/2 


(5b) 


Where 

AX. 

1 


X 


R 


chord  element  line  expressed  as  a fraction  of  total 
aerodynamic  chord 

X-coordinate  of  chord  element  line  at  planform  tip 
X-coordinate  of  chord  element  line  at  X-axis 


The  X- intercept  of  chord  element  lines  is  determined  from  the  expression: 
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For  computational  purposes,  the  aerodynamic  chord  at  any  spanwise  Y-station  is 
determined  from: 


Ca  = Y* TAN (AC)  + CR 


TAN  (AC) 


C - C 
TIP  R 

b/2 


(6a) 


All  pertinent  structural  reference  lines  and  coordinates,  blended  leading 
edge,  and  cranked  trailing  edge  control  points  are  referenced  to  the  theoretical 
trapezoided  planfomi.  Any  required  coordinate  point  is  defined  to  the  module 
through  the  input  data  set  by  one  of  the  following: 

1.  Fraction  of  the  semispan  for  Y,  and  fraction  of  the  local  aerodynamic 
chord  for  X 

2.  Actual  buttock  plane  station  for  Y,  and  actual  delta  chord  forward  or 
aft  of  the  local  leading  edge  for  X 

The  input  data  set  is  ordered  so  that  pertinent  geometric  coordinates  can 
be  specified,  as  required,  to  describe  torque  box  location,  fuel  cell  location, 
physical  dimensions,  locations  of  control  surface  devices,  locations  of 
externally  mounted  stores  or  nacelles,  etc.  Nontrapezoidal  surfaces 
(Figure  17)  are  defined  to  the  general  geometry  rourines  by  a system  of  points 
defining  delta  chords  to  be  incremented  to  the  local  trapezoidal  leading  or 
trailing  X-coordinate.  Adjusted  leading  or  trailing  edges  between  control 
points  are  assumed  to  be  represented  by  straight  lines  between  the  control 
points.  Assumed  true  aerodynamic  chord  is  determined  from  evaluation  of  the 
proper  straight-1 in^  expressions  for  the  adjusted  local  leading  and  trailing 
edge . 


The  general  coordinate  specification  method  used  in  the  input  data  set 
and  the  equation  form  of  expressing  spanwise  lines  provide  flexibility  in 
defining  load  reference  lines,  weigitt  integration  lines,  and/or  spar  planes 
not  on  aerodynamic  chord  element  lines. 

For  the  torque  box  system  shown  in  Figure  16,  if  the  assumed  elastic 
axis  and  rear  spars  are  on  the  35-  and  60-percent  chord  element  lines,  the 
front  spar  plane  is  defined  by  a point  20  inches  aft  of  the  leading  edge  at 
the  wing-to-fuselage  joint  and  the  15-percent  chord  point  at  80  percent  of  the 


266 


p»v«*r*7w 


Figure  17.  Blended  wing  planform. 
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exposed  span,  and  the  torque  box  extends  to  the  buttock  plane  at  95  percent  of 
the  semispan,  10  data  points  must  be  included  in  the  input  data  set.  These 
include : 

1.  Inboard  shear  tie  location,  b^/2 

2.  Outermost  torque  box  station,  Y^g,  which  will  be  assumed  to  be  the 
eleventh  station  in  the  structural  synethesis,  0.95 

3.  Inboard  box  control  station,  b^/2 

4.  Front  spar  chordwise  control  station,  inboard,  20.0 

5.  Rear  spar  chordwise  control  station,  inboard,  0.60 

6.  Elastic  axis  chordwise  control  station,  inboard,  0.35. 

7.  Outboard  box  control  station,  0.80 

8.  Front  spar  chordwise  control  station,  outboard,  0.15 

9.  Rear  spar  chordwise  control  station,  outboard,  0.60 

10.  Elastic  axis  chordwise  control  station,  outboard,  0.35 


CROSS-SECTIONAL  GEOMETRY 

Spanwise  airfoil  and  thickness  ratio  snecifications  for  lifting  surfaces 
are  used  to  define  aerodynamic  cross  sections.  These  data,  along  with  the 
planform  description  of  the  torque  box,  provide  the  basis  for  determining  the 
physical  box  data  necessary  for  the  structural  synthesis  and  weight  analysis 
of  the  lifting  surface  (structural  box  width,  maximum  and  minimum  box  depth, 
structural  box  cross-sectional  area,  and  mold  line  depths  at  the  front  and 
rear  spar  planes).  Figure  18  shows  the  idealized  box  section  used  for  struc- 
tural synthesis.  Figure  19  shows  the  spanwise  variations  in  structural  box 
depth  for  the  blended  wing  parameters  found  in  Figure  20.  As  indicated,  the 
generalized  cross-section  evaluation  procedure  accounts  for  nonlinear  spanwise 
and  chordwise  airfoil  depth  variations.  In  all  cases,  the  specified  aero- 
dynamic airfoil  is  assumed  for  the  true  computed  aerodynamic  chord;  at  the 
depth  control  stations,  the  maximum  depth  is  derived  from  the  product  of  the 
specified  t/c  and  the  true  chord. 

Airfoil  depth  at  any  planform  point  is  determined  by  straight-line  inter- 
polation of  maximum  depths  at  spanwise  control  points  and  from  normalized  local 
chordwise  airfoil  depth  data.  Maximum  depth  control  points  can  he  defined  at 
two  to  11  spanwise  stations  in  the  input  data  set  by  specifying  the  location  of 
the  control  station  and  the  thickness  ratio  at  that  point. 
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Figure  18.  Idealized  box  section. 
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Different  airfoils  can  also  he  specified  at  one  to  four  spanwise  control 
points,  lhe  airfoil  cross  sections  are  specified  in  the  input  data  set  by 
code  numbers  which  determine  the  type  of  airfoil  to  be  used  and  the  form  in 
which  the  normalized  ordinate  data  are  to  be  evaluated.  One  set  of  codes  pro- 
vides for  evaluation  of  local  chordwise  depths  with  a polynomial  equation, 
while  the  other  set  directs  the  evaluation  routine  to  evaluate  local  chordw’se 
depths  from  a table  of  normalized  depths  versus  reference  chord  locations. 
Polynomial  coefficients  for  six  types  of  airfoils  are  stored  in  the  data  bank 
of  SWEEP.  These  coefficients  are 
using  the  following  equation: 

Z.  = aX6  + bX5  + cX4 

1 L 1 1 1 

IVhere 

a,  b,  c,  d,  e,  and  f = 

X.  = 

l 

The  true  local  depth  is  then  determined  by: 

D.  = Z.  x D (8) 

l l max. 

l 

The  tabulated  data  in  Table  27,  are  the  airfoil  depth  data  used  to 
determine  the  coefficients  found  in  Table  26.  The  data  set  in  the  SWEEP  data 
bank  for  the  second  method  of  defining  airfoil  cross  sections  is  similar  to 
the  tabulated  data.  Provisions  are  made  for  table  data,  with  up  to  48  chord 
points  for  five  different  airfoils.  Depths  between  chord  control  points  are 
determined  by  straight-line  interpolation  of  ordinates  between  the  control 
points.  Cross-sectional  areas  of  the  structural  box  are  determined  by  numeri- 
cal integration  of  depths  evaluated  at  evenly  spaced  points  along  the 
structural  chord. 

Vari ali le- sweep  surfaces  (Figure  21)  are  defined  for  the  forward  design 
sweep  position.  The  design  data  modules  of  SWEEP  evaluate  the  various  swept 
geometries,  compute  the  design  gross  airloads  at  compatible  stations  at  each 
position,  and  order  the  proper  data  for  the  wing  weight  evaluation. 

The  pivot  location  is  specified  by  the  general  method  of  defining  a point 
on  the  wing  planform.  The  axis  of  rotation  for  the  movable  panel  is  assumed 
to  be  normal  to  the  XY-plane  at  the  defined  pivot  point.  The  theoretical 


used  for  evaluation  of  local  airfoil  depths 


3 2 

+ dX  + eX.  + fX. 
i i ij 


(7) 


polynomial  coefficients 

fraction  of  chord  at  which  normalized 
depth  is  to  be  evaluated 
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planform  geometry  of  the  surface  with  the  movable  panel  at  any  swept  position 
is  based  on  (1)  the  extension  of  movable  panel  leading  and  trailing  edge  lines 
to  the  vehicle  centerline  and  (2)  the  rotated  position  of  the  points  defined 
y the  intersection  of  the  structural  reference  line  and  the  theoretical  tip 
chord.  Rotated  position  coordinates  for  the  control  points  computed  from  the 
geometric  relationships  of  a line  of  finite  length  L,  rotated  ±Adegrees 
L being  the  distance  between  the  pivot  point  and  the  control  point. 
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Design  data  for  the  stnictural  synthesis  of  the  torque  box  of  lifting 
surfaces  are  developed  first  in  the  design  data  development  modules  of 
SlvIiLP , and  final  data  are  evaluated  by  special  analysis  routines  in  the 
wing  and  empennage  weight  estimation  module.  Design  loads,  flutter  stiff- 
ness requirements,  and  material  properties  data  arc  ordered  to  conform  to 
the  data  requirements  for  the  synthesis  and  weight  analysis  section. 

Six  data  calculation/ data  processing  functions  are  performed  in  this 
section: 

1.  Leading  and  trailing  edge  structure  weight  and  weight 
distribution  estimation,  overlay  (14,0) 

2.  Fuel,  wing  contents,  and  external  concentrated  deadweight  and 
weight  distribution  estimation,  overlay  (15,0) 

3.  Flutter  stiffness  requirements  estimation,  overlay  (16,0) 

4.  Design  airloads  data  process,  overlay  (16,0) 

5.  Material  properties  data  process,  overlay  (16,0) 

6.  Initial  inertia  load  and  couple  arm  estimation,  overlay  (16,0) 

LEADING  AND  TRAILING  HUGH  STRUCTURES 

Weight  estimates  ior  all  structures  forward  of  the  front  spar  and  aft 
of  the  rear  spar  are  made  initially  to  provide  weight  '>nd  weight  distribu- 
tion data  for  inertia  load  estimates:  shear,  bending  moment,  and  torsional 

moments.  The  procedures  for  weight  estimation  of  these  fixed  structures 
and  control  surface  devices  arc  discussed  under  "Weight  Analysis,"  in  this 
section. 

I.ach  major  structural  component  of  the  leading  and  trailing  edge  is 
processed  separately  so  that  local  effects  of  these  structures  are 
reflected  in  the  design  loads.  Component  as  well  as  strip  panel  weight 
centers  of  gravity  and  weight  moments  of  inertia  are  estimated  using  a 
finite  grid,  numerical  integration  procedure.  The  grid  pattern  consists 
of  aerodynamic  strips  and  spanwise  cuts,  resulting  in  rectangular  grids 
for  which  all  mass  properties  characteristics  can  be  evaluated  and  summa- 
tion performed  to  required  control  points.  Figure  22  shows  leading  edge 
panel  No.  2 with  tvnical  chordwisc  strips,  finite  grid  cuts  for  strip 
S\,  and  grid  NM.  I.ach  grid  is  treated  as  a rectangular  panel  of  uniform 
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density  Znm,  which  is  dependent  upon  the  location  of  the  centroid  of  the 
grid  within  the  panel.  Pitch  (Iy0),  ro11  (*Xo^  ’ ant*  Yaw  ^Zo^  moments  oi 
irertia  of  the  grid  about  its  centroid  are  computed  from: 
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J)NM  = airfoil  depth  at  grid  centroid 
K = inertia  factor  for  mass  distribution  along  Z-axis 


The  integration  of  weight,  moments,  and  inertia  for  the  structural 
reference  system  defined  by  Ya  and  Xa  depends  upon  the  grid  centroid 
coordinates  and  the  structural  strip  boundary  lines  defined  by  lines  normal 
to  the  Ya  reference  axis  through  the  structural  control  points  Yaj.  All 
grid  mass  properties  within  a strip  are  summed  at  the  inboard  control 
station.  Pitch  and  roll  I0's  are  rotated  into  the  structural  system  with 
the  rotational  equations: 


Yos 

*Yo  Cos  AliA  + 

IXo^in  \.A 

T „ 2 

1 

Xoc.  = 

Xo  Cos  AiiA  + 

,VoSin‘'Al!A 

(10a) 


(10b) 


The  grid  moments  aboin  each  control  station  arc  determined  by 
calculating  the  normal  distances  between  the  grid  centroids  and  the 
structural  references  axis,  Ya  and  Xa«  Total  strip  weights  and  moments 
are  processed  into  shears  and  moments  at  each  control  station  for  later 
i e in  estimation  of  lg  inertia  loads. 

Ihe  weight  ev  dilation  routines  for  leading  and  trailing  edge  structures 
order  geometry,  weight,  and  weight  distribution  data  for  fixed  stmcturcs 
and  each  defined  control  device.  Provisions  are  made  for  th.ee  sets  of 
leading  edge  devices  and  six  sets  of  trailing  edge  devices  - two  spoiler 
types,  three  flap  types,  and  one  aileron/ flap  type,  liach  device  is  hounded 
by  defined  Y and  X control  lines  - inboard  and  outboard,  forward  and  aft.. 
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These  data  are  checked  by  the  strip/grid  generator  and  integration  routine 
to  logically  include  or  bypass  control  device  evaluation.  In  the  event 
a strip  or  grid  boundary  straddles  a control  device  boundary,  a weight 
correction  density  factor  at  that  strip  or  grid  is  computed  based  on  the 
ratio  of  that  part  of  the  device  within  the  strip/grid  to  the  strip/grid 
dimensions.  The  adjusted  weight  is  then  assuned  to  be  distributed  uniformly 
over  the  complete  strip/grid.  The  minor  errors  resulting  from  this  con- 
dition are  assumed  to  be  within  the  accuracy  of  the  analysis  and,  in 

some  cases,  counteracted  by  the  existence  of  inboard  and  outboard  substrips 

and  forward  and  aft  subgrids. 

Control  devices  added  to  leading  and  trailing  edges  generally  replace 
fixed  structure,  except  for  devices  like  kruger  flaps  and  spoilers.  Dele- 
tion of  and/or  adjustment  of  fixed  st.  icture  weight  distributions  within 
the  boundaries  of  the  particular  device  is  made  by  the  integration  routine 
based  on  the  type  of  device  indicators  and  data  sets  created  to  define  the 
boundaries  of  fixed  structure  to  be  deleted  or  adjusted.  Figure  23  shows 
a typical  example  of  chordwise  distribution  at  a leading  edge  section.  If 
the  control  device  is  a kruger  flap,  as  shown,  three  weight  distribution 
sets  are  created  - two  positive  sets  for  the  basic  fixed  leading  edge  and 

kruger  flap,  and  a negative  set  for  deletion  of  portions  of  the  fixed 

structure. 

Straight-line,  trapezoidal  weight  distribution  surfaces  are  assumed 
for  all  leading  and  trailing  edge  structures  along  the  aerodynamic  chord 
to  define  variations  in  unit  distribution,  as  shown  in  Figure  24,  and 
between  primary  spanwise  control  stations  to  define  spanwise  weight-per- 
inch  distributions.  The  area  under  each  weight  distribution  line  is  equal 
to  the  assumed  weight,  the  ordinates  being  controlled  by  preprogrammed  (but 
adjustable  with  data  in  the  input  data  set)  distribution  taper  ratios. 

Ciiven  panel  weight,  Wp,  taper  ratio,  Ap,  panel  span,  4Yp,  and  inboard 
panel  boundary  station,  Yp[g,  the  surface  distribution  can  be  reduced  to 
straight-line  equation  form,  referenced  to  the  X,  Y,  Z aerodynamic 
coordinate  system,  using  trapezoidal  geometric  properties.  The  unit  weight, 
Zp,  at  any  station  Y can  be  evaluated  with  Equation  1 as: 


zPi 

- ApYj  + Cp 

(11a) 

Cp 

= ZpjB  - ApYpm 

z 

2Wp 

(lib) 

PIB 

AYp  (1  + Ap) 

-P0B 

= Ap  ZpIB 

(11c) 
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Figure  23. 
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Figure  24.  Leading  edge  structure  chordwise  weight  distribution. 


Where 


A and  C 
P P 


= equation  constants 


Zpjp  and  Zp0g  = unit  weight  ordinate  at  inboard  and  outboard 
stations,  respectively 


The  weight  distribution  taper  ratio  for  spanwise  distributions  is 
always  treated  as  the  ratio  of  the  outboard  ordinate  to  the  inboard 
ordinate,  for  chordwisc  distributions,  the  taper  ratio  is  always  treated 
as  the  ratio  of  the  aft  ordinate  to  the  forward  ordinate. 


Integration  of  trailing  edge  distributions  requires  additional  data 
to  process  spoiler/flap  configurations  shown  in  figure  25.  Although  the 
procedures  are  the  same  as  for  the  leading  edges,  indicators  and  factors 
are  required  for  the  processing  logic  to  ( 1 ) sense  the  combination  in  order 
to  prevent  deletion  of  fixed  trailing  edge  weights  twice  (first  for  spoilers, 

and  second  for  flaps)  and  (2)  account  for  increased  fixed  upper  and  lower 

trailing  edge  structures  forward  of  the  devices. 

Total  flap  weights  arc  estimated  as  the  sum  of  flap  panel  and  flap 

supports  and  carriages.  As  indicated  in  figure  25,  this  weight  is 

proportioned  and  distributed  separately.  Panel  weights  are  distributed 
between  the  flap  leading  edge  and  trailing  edge,  while  supports  and 
carriages  are  distributed  between  the  rear  spar  and  This  aft 

support  distribution  point  depends  uj)on  the  type  of  flap  configuration 
(simple,  single-slotted,  douhlc-s lotted,  or  triple-slotted),  the  aft-most 
panel  chord,  and  the  leading  edge  coordinate  of  this  panel.  The  incre- 
mental distance  of  the  coordinate  point  aft  of  the  panel  leading  edge  is 
preset  at  a fraction  of  the  panel  chord.  This  assumed  factor  also  depends 
upon  the  flap  t> pe  and  can  be  changed  with  data  in  the  input  data  set. 


NONSTRl JCTURAL  W INC  D1  iAl )IV1 ■ 1 Cl fl 

Nonstructural  wing  deadweight  items  are  analyzed  for  mass  properties 
characteristics  by  individual  subroutines.  Weight  distribution  estimates 
are  made  for  fuel,  fuel  systems,  surface  controls  and  equipment  subsystems, 
and  externally  mounted  components.  The  mass  properties  evaluations  for 
these  items  arc  similar  to  the  procedures  used  for  leading  and  trailing 
edge  structures. 

\ two-cell  fuel  containment  system  is  used  for  wing  fuel  distribution 
(figure  26).  Data  describing  the  locations  of  the  fuel  cells  must  be 
indicated  to  the  program,  fuel  is  assumed  to  be  distributed  between  these 
spanwise  stations  and  the  front  and  rear  spars.  lilcven  evenly  spaced 
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distribution  control  stations  are  calculated  for  each  cell  to  be  used  for 
volumetric  computations,  us  inn  the  equation: 


£Wfuel'  Ll^fi 

i =1 ,10 


* W 


(12) 


Where 


Zfj  = fuel  weight  at  station  Yq 


4Yfi  = spanwisc  distance  between  the  11  fuel  cell  control 
stations 


The  fuel  weight  at  each  control  station  is  first  computed  from  the  product 
of  fuel  density  (assumed  as  0.026  pound  per  cubic  inch,  based  on  6.5  pounds 
ner  gallon  fuel  and  in-place  volume  of  251  cubic  inches  pel  gallon)  times 
the  torque  box  cross-sectional  area  at  that  station. 

The  initial  volume  computed  by  the  program  is  used  as  the  fuel  volume 
in  the  cell  if  the  input  data  set  does  not  contain  a specified  required 
volume.  However,  if  the  specified  volume  is  larger  than  the  calculated 
volume,  the  program  estimated  volume  is  used. 


fuel  system  weights  in  each  fuel  cell  are  assumed  to  be  a fraction  ol 
the  fuel  capacity  (assumed  value  = 0.0223  pound  per  pound  of  fuel)  and  are 
distr:buted  with  the  fuel  weight.  The  initial  distribution  ordinates  are 
corrected  for  the  final  required  capacity  plus  the  weight  of  the  fuel 
system  by  the  density  correction  factor,  Kpuc j : 


IV 


required  capacity  + ''•'fuel  system 


rue  i 


"calculated  capacity 


(13) 


Fuel  and  fuel  systems  mass  properties  data  are  then  evaluated  lor  the  lull- 
capacity  conditions.  For  fuel  levels  less  than  capacity,  the  fuel  weight 
in  each  cell  is  assumed  to  decrease  proportionately  over  the  complete  cell. 
Thus,  full-capacity  mass  properties  can  be  scaled  linearly  to  obtain  the 
desired  fuel  loading.  The  scaling  factor  is  derived  from  Equation  13: 


^Fue  1 


"design  fuel  + hfuel  system 
^required  capacity  + 'v'fucl  system 


(13a) 
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Mass  properties  integration  of  fuel  and  fuel  systems  is  based  on  linear 
spanwise  distributions  between  the  11  control  stations  and  is  uniformly 
distributed  along  the  structural  chord.  An  evaluation  routine  similar  to 
that  described  for  the  leading  and  trailing  edge  evaluation  is  used.  The 
basic  reference  system,  however,  is  the  structural  reference  system  defined 
by  Y^  and  X^. 

This  integration  routine  is  also  used  for  both  initial  and  final 
evaluation  of  torque  box  structure  mass  properties.  Initial  estimates  for 
torque  box  weight  distributions  are  programmed  as  part  of  the  fuel  dis- 
tribution subroutine. 

The  input  data  set  must  include  weight  and  distribution  parameters  for 
surface  controls  and  equipment  subsystems  and  externally  mounted  components. 
Three  types  of  distribution  schemes  are  provided  for  subsystems  and  miscell- 
aneous items:  (1)  uniform  distribution  over  the  planform  of  the  box, 

(2)  spanwise  line  distributions  at  two  different  locations  on  the  planform 
where  the  total  weight  is  assumed  to  be  distributed  spanwise  (weight  per 
inch)  and  acting  at  the  specified  line,  and  (3)  six  sets  of  concentrated 
weights  acting  at  a given  coordinate  point  (Figure  27) . 

Up  to  seven  externally  mounted  components  (stores,  nacelles,  landing 
gear,  etc.)  can  be  described  in  the  data  set.  Data  for  these  items  include 
weight  and  X,  Y,  Z location  parameters  for  the  centroid  of  the  mass.  These 
are  sufficient  for  deadweight  load  analysis.  However,  for  moment  of  inertia 
computations,  additional  data  are  required,  consisting  of  a data  set  indi- 
cator and  inertia  properties  or  geometric  data  necessary  to  compute  moments 
of  inertia  about  the  mass  centroid  (Figure  28).  Mass  properties  data  are 
evaluated  by  these  weight  distribution  routines  for  each  set  of  internal 
and  external  mass  items  indicated  in  the  input  data  set. 


FLUTTER  STIFFNESS  REQUIREMENTS 

Required  structural  box  stiffness  for  the  prevention  of  flutter  is 
evaluated  by  special  analysis  routines  in  overlay  (16,0)  of  the  module. 
Subroutines  GJCAL  and  GJSI  are  used  for  prediction  of  required  stiffness 
of  conventional  surfaces,  while  subroutine  GJTT,  under  control  of  GJCAL, 
is  used  for  T-tail  vertical  tail  analysis.  The  programmed  procedures  are 
based  on  the  methods  discussed  in  Volume  IV,  "Material  Properties, 
Structure  Temperature,  Flutter  and  Fatigue." 

The  equations  presented  in  Volume  IV  are  used  to  predict  required 
torque  box  stiffness  distributions  along  the  structural  span.  The  evalua- 
tion procedure  results  in  estimates  of  torque  box  stiffness  levels,  GJ,  at 
the  11  structural  analysis  stations.  These  stiffness  levels  are  treated 


284 


Figu-  e 28.  Externally  mounted  component  description. 
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as  minimum  design  requirements  by  the  structural  synthesis/weight  analysis 
routines  of  the  module.  The  data  processing  logic  is  programmed  to  allow 
for  the  use  of  input  required  stiffness  levels  in  lieu  of  computed 
requirements. 

The  prediction  equations  used  for  conventional  surfaces  are  an  integrated 
form  of  Equation  17,  Volume  IV.  The  programmed  equation  for  determining 
required  (Th  at  any  structural  station  vAi  has  the  form: 


Where 


GJ.  = K 
1 ee 


swp 


k . ft:, v, . + c7v,.  + (LV,. 

gconn  ‘111  2 2i  3 3i 


(14) 


K and  K.  = general  planfonn  geometry  and  critical 
ce  swp  speed-related  cxpirical  factors 

('  and  C,  = collected  torque  box  geometry- related 

“ ' constants 


K . , V,.,  Vv,  and  V,.  = collected  local  torque  box  geometry 
gcomi’  li»  2i  3i  rclateU  variabiCs 
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where 


Q'  * effective  dynamic  pressure  at  the  critical  flutter  speed, 
lb/sq  ft 

AR  = planform  aspect  ratio 
2 

Kq  = 24,75  Ksp  , Ksp  = flutter  speed  margin  of  safety  - 1.15  for 
military,  and  1,2  for  commercial  designs 


length  of  exposed  span  measured  along  structure  axis,  in. 
sweep  angle  of  structural  axis,  deg 
structural  chord  as  root  station,  in. 

rotational  factor  to  convert  aerodjnamic  chords  to  structural 
chords,  (Cg/c) 
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W.  = structural  width  of  torque  box  at  any  spanwise  station 
1 YAi>ln’ 

D.  = average  structural  depth  of  torque  box  at  any 
spanwise  station  Y ..,  in. 


A'  = taper  ratio  of  exposed  planform,  (Cj,/C^) 

r 

a1  = thickness  ratio  taper  of  exposed  span, 
(t/c)tip/(t/C)' 

(t/c)'  = thickness  ratio  at  exposed  root  chord 


AC  = arc  centroid  of  torque  box  section  normal  to 

structural  axis,  assumed  to  be  equal  to  torque  box 
cross-sectional  area  divided  by  width. 


(RS-FS)  = width  of  structural  box  expressed  as  a fraction  of 
structural  chord  (' 

0^  = angle  of  twist  at  tip  station,  preset  to  1 radian 

0 = angle  of  twist  at  exposed  root  station,  preset  to 
0 radian 

I)R’  = average  structural  depth  of  torque  box  as  exposed 
root  station,  in. 

(h'  = aerodynamic  chord  at  any  spanwise  station  Y ^ . , in. 

= aerodynamic  chord  at  exposed  root  station,  in. 

The  application  of  Equation  14  to  transonic  and  supersonic  designs  is 
discussed  in  Volume  IV,  Part  2,  Section  II,  under  "Lifting  Surface  Flutter 
Methodology."  The  parameter  Q*  in  Equation  14a  reflects  the  compressibility 
corrections  derived  from  the  methods  discussed.  The  determination  of  the 
critical  speed/altitude  point  for  flutter  is  made  by  subroutine  WHVQQ  over- 
lay (3,0).  This  subroutine  conputes  design  values  for  Q ’ , critical  speed, 
critical  altitude,  and  flutter  design  temperature.  The  flutter  speed  margin 
of  safety,  Kgp,  is  used  to  determine  the  design  values.  Thus,  if  the  values 
computed  by  WHVQQ  are  used,  the  Kgp  value  used  in  subroutine  GJCAL  is  set 
to  1.0.  If  the  option  of  directly  specifying  design  values  through  the  sur- 
face input  data  deck  is  used,  the  user  must  select  the  critical  flutter  point 
and  input  appropriate  values  for  the  design  Q'  and  speed  margin,  since  sub- 
routine GJCAL  will  compute  Kpo,  as  shewn  in  Equation  14a. 
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A modified  form  of  l-.quation  53  in  Volume  IV,  Part  2,  Section  II,  is 
used  for  estimation  of  T-tail  vertical  tail  flutter  requirements.  The  pro- 
grammed equation  is  the  same,  except  for  the  addition  of  a scaling  factor, 


Vrr  Sr 


°et  ‘I 


8 C 

so  uave 


(w  RS)£! 


Where 

= scaling  factor,  similar  to  C^, 

C^p  = model  scaling  factor  derived  from  Reference  2 as  a function 
of  critical  flutter  speed  and  horizontal  tail  dihedral, 
in.  b/lb2/sec2 


e = planform  geometry  parameter,  psi 

q = dynamic  pressure  at  the  critical  flutter  speed  (speed, 
including  flutter  margin  of  safety) , psi 

= yaw  inertia  of  hori2  1 tail,  lb-in. ^ 

g = acceleration  constant,  in. /sec2 
o 

CaVe  = average  chord  of  vertical  tail  panel,  in. 

dX,.|  * row  matrix  of  station  intervals  between  analysis  points,  in. 


= column  matrix  of  ratio  of  torque  box  perimeter  to  torque  box 
cross-sectional  area  for  Ktb  panel,  computed  at  midpoint  of 
panel,  in."* 


The  parameters  q and  Kyjj  are  derived  by  subroutine  WHVQQ  for  T-tail 
vertical  tails,  assuming  that  the  critical  flutter  design  point  is  at  the 
maximum  sea-level  limit  speed,  Vp,.  The  flutter  margin  of  safety,  Kgp,  is 
either  1.15  or  1.20,  as  previously  noted.  The  output  value  of  Kvtt  from 
subroutine  WHVQQ  includes  the  model  scaling  factor,  Cyr*  and  is  trans- 
mitted to  subroutine  GJTT  in  the  data  cell  assigned  to  KyrT*  thus,  the 
assigned  value  of  Opr  for  use  by  subroutine  GJTT  is  set  to  1.0.  However, 
if  the  critical  speed  and  dynamic  pressure  are  specified  as  part  of  the 
surface  input  data  set,  then  subroutine  GJTT  will  compute  Gyp  values, 
based  on  the  input  speed  and  horizontal  tail  dihedral.  In  this  case,  the 
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input  value  of  Ky^  must  be  set  tc  1.0  or  to  the  value  compatible  with  the 
flutter  design  q,  Kgp,  and/or  a preselected  flutter  equation  calibration 
factor. 


Design  values  of  GJ  for  horizontal  tails,  conventional  vertical  tails, 
and  fixed  wing  surfaces  are  based  on  evaluation  of  Equation  14  at  the  single 
critical  flutter  speed.  For  variable- sweep  wing  and  T-tnil  vertical  tails, 
design  GJ  is  based  on  composite  requirement  curves.  In  the  variable-sweep 
analysis,  required  GJ  values  are  computed  for  the  movable  planform  in  two 
positions.  In  T-tail  vertical  tail,  required  GJ  values  are  first  computed 
by  using  Equation  15  and  then  using  Equation  14,  the  latter  based  on  treating 
the  vertical  tail  panel  as  a conventional  surface. 

In  the  two  aforementioned  designs,  the  selected  design  values  are 
based  on  the  larger  of  two  structure  J-values  derived  by  using  Equation  16. 


T , (GJ)  required 

require  q material  at  critical  flutter  point 


(16) 


ITie  logic  programmed  in  the  synthesis  of  metallic  torque  box  designs 
assumes  that  the  section  stiffness  must  be  equal  to,  or  larger  than,  the 
values  specified.  Torsional  stiffness  requirements  are  transmitted  to 
these  routines  as  required  GJ  values  along  with  the  value  of  G to  be  used. 

In  advanced  composite  structures,  the  corresponding  design  temperature 
is  also  specified.  The  temperature  is  used  to  develop  temperature  material 
property  parameters  to  be  used  to  compute  laminate  stiffness  characteristics, 
a function  of  the  number  of  0°,  45°,  and  90°  plies  in  each  web.  The 

stiffness  requirement  synthesis  logic  for  advanced  composite  structures  is 
programmed  to  insure  that  available  section  GJ  is  equal  to,  or  greater  than, 
required  GJ. 


DESIGN  AIRLOADS 

Design  airloads  for  the  torque  box  structural  synthesis  arc  computed  by 
the  airloads  module  of  SWEEP.  Shears,  bending  moments,  and  torsional  moments 
are  stored  on  mass  storage  files,  and  are  ordered  for  use  by  the  lifting 
surface  loads  routine  and  processed  for  the  synthesis  routines.  These  loads 
are  integrated  in  the  structural  coordinate  system. 

Provisions  arc  made  to  rotate  and  translate  the  design  loads  to  the 
structural  synthesis  reference  line,  if  the  two  reference  lines  are  not  the 
same  (Figure  29).  The  moments  at  the  load  reference  point  are  first 
resolved  to  the  synthesis  reference  coordinate  system  and  then  translated 
to  the  synthesis  reference  point  in  on'  r to  derive  the  correct  torsional 
moment. 


\ 

i 


Figure  29.  Loads  rotation  and  translation. 
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Where 


VAi  and  VA1 


Nt<A  and  "xA  " 

NVa  and  ^A  * 


AEA  andALD 
AAX 


shears  in  synthesis  and  load  reference  system 


bending  moments  in  synthesis  and  load  reference 
system 

torsional  moments  in  synthesis  and  load  reference 
system 

sweep  of  synthesis  and  load  reference  lines 

distance  from  synthesis  reference  point  to  load 
reference  point  measured  along  structural  chord, 
positive  forward,  negative  aft 


MATERIAL  PROPERTIES 

The  structural  synthesis  of  metallic  torque  box  designs  require  a con- 
tinuous description  of  the  stress-stain  properties  of  the  compression  material 
as  well  as  other  physical  and  mechanical  properties.  These  material  properties 
data  are  ordered  for  the  synthesis  routines  from  the  material  properties  data 
bank  of  SWEEP.  The  compression  stress -strain  characteristics  are  determined 
from  a curve  fit  of  the  stress-strain  curve  derived  from  the  data  bank.  A 
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material  property  table  (consisting  of  curve  fit  constants;  material  density; 
Poisson's  ratio;  shear  and  elastic  modulus;  compression  yield  stress;  and 
ultimate  tension,  bearing,  and  shear  stresses)  is  created  from  the  data 
bank  for  the  selected  material. 

The  curve  fit  of  the  compression  properties  provides  the  necessary  data 
for  plate  and  column  stability  analysis  in  both  the  elastic  and  plastic 
regions  of  the  material  curve.  Figure  30  shows  a typical  stress-strain  curve 
with  derived  tangent  modulus  and  allowable  plate  buckling,  b/t,  through  the 
yield  stress  of  the  material.  A curve  evaluation  routine  determines  the 
stress-strain  values  of  strain,  tangent  modulus,  and  secant  modulus  at  a 
given  stress  level  so  that  allowable  plate  buckling  and  column  stability 
moduli  can  be  evaluated,  including  the  effects  of  plasticity.  These  are 
used  for  local  and  general  stability  analysis  of  synthesized  structures. 

Single-ply  physical  and  mechanical  characteristics  are  used  to  describe 
advanced  composite  material.  Normalized  strength  and  stability  parameters 
are  internally  computed  from  input  descriptions  for  unidirectional  ultimate 
allowables,  Poisson's  ratio,  elastic  moduli,  and  shear  modulus.  These 
parameters  are  derived  for  the  assumed  laminate  system  - a balanced 
symmetrical  system  consisting  of  plies  oriented  0°,  ±45°,  and  90°  to  the 
direction  of  axial  loads.  Stability  allowables  are  determined  by  the 
synthesis  routines  based  on  finite  numbers  of  plies. 


INITIAL  INERTIA  LOADS  AND  COUPLE  ARM  ESTIMATION 

Initial  estimates  of  inertia  loads  are  made  by  summation  of  1 g shears 
and  moments  computed  for: 

, Initial  torque  box  weight 

« Leading  edge  structures 

• Training  edge  structures 

. Miscellaneous  contents 

• Design  fuel  and  fuel  systems 

• Design  concentrated  mass  items 

Design  fuel  shears  and  moments  for  both  fuel  cells  are  determined  from 
scaling  factors  determined  from  vehicle  design  specification  fuel  loads 
computed  for  each  cell  by  the  design  data  development  module  or  through  the 
input  data  set,  specifying  the  amount  and  order  by  which  consumed  fuel  is  to 
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Figure  30.  Typical  material  stress-strain 
curve  and  evaluation  data. 
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bo  expended  from  each  cell.  The  design  concentrated  mass  items  may  include 
fuel  or  aramament  stores  which  may  be  expended  at  the  stress  design  condi- 
tion. This  situation  is  accounted  for  through  indicators  governing  the 
status  of  the  first  two  external  concentrated  mass  description  data  sets  in 
the  input  data  set.  The  shears  and  moments  resulting  from  these  two  masses 
are  scaled  by  the  ratio  of  the  remaining- to -inputed  values,  again,  as  in  the 
design  fuel  determination,  depending  upon  the  amount  and  expending  indicators. 
These  two  indicators  determine  the  order  and/or  the  amount  of  decrease  at 
each  station.  The  initial  torque  box  shear  and  moments  are  separated  from 
other  structural  items  to  allow  for  torque  box  deadweight  changes  during  the 
iteration  cycle. 

Initial  couple  arms  at  each  station  are  estimated  from  the  net-ultimate 
design  loads  based  on  the  first  estimates  for  inertia  loads.  Upper-  and 
lower-cover  centroids  are  estimated  based  on  the  average  load  intensity,  Nx, 
and  the  type  of  cover  construction  specified.  For  multispar  construction, 
the  initial  centroid  is  set  at  50  percent  of  the  cover  t,  determined  by 
assuming  maximum  allowable  compression  and  tension  stresses.  The  centroids 
of  stringer- stiffened  covers  are  estimated  based  on  preliminary  distributions 
of  the  available  t into  skin  material  and  stringer  geometries.  The  initial 
centroids  are  replaced  by  calculated  cover  centroids,  adjusted  for  changes 
in  cover  load  intensities  during  the  iteration  cycles. 
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STRUCTURAL  SYNTHESIS 


The  lifting  surface  shear  and  bending  loads  are  assumed  to  be  reacted  by 
a rectangular  cover/spar  turque-box  structural  system  acting  as  a cantelever 
beam.  Bending  loads  are  assumed  to  be  reacted  by  upper  and  lower  cover 
couple  forces,  while  the  shears  are  balanced  by  shear  stresses  in  the  front 
and  rear  spar  webs.  With  these  assumptions,  net  ultimate  design  moments  at 
each  structural  synthesis  station  are  resolved  into  average  load  intensities 
across  the  structural  chord  to  provide  axial  load  criteria  for  cover  material 
synthesis. 


COVER  DESIGN  LOADS 

The  total  cover  load  at  any  station  (i)  is  determined  from: 


p 

COV1 

= M ../D 
xAi  effi 

(18) 

Where 

• 

M A . 
xAi 

= Net  ultimate  bending  moment 

Deffi 

= Effective  couple  arm  of  box  cover 
subtracting  upper  and  lower  cover 
from  average  box  depth 

system,  determined_by 

centroids  (Y  and  Y ) 
u v 

The  average  cover  load  intensity,  Nx  (pounds  per 
then  be  expressed  as 

inch  of  chord) , can 

N = 

X 

P 

COVl 

lVeffi 

(19) 

Where 

W ... 
effi 

= Effective  cover  width  available  to  resist  compression 
or  tension  loads 

Figure  31  pictorial ly  shows  the  effective  cover  widths  used  to  deter- 
mine compression  and  net  tension  N values.  For  both  covers,  effect  of 
front  and  rear  spar  caps  and  skin  overhang  forward  of  the  front  spar  plane 
and  aft  of  the  rear  spar  plane  are  assumed  to  be  effective  as  cover  t;  thus, 
the  effective  width  takes  the  form 
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Figure  31.  Effective  structural  width  idealization. 


298 


(20) 


W 


effi 


W.  + 

l 


AW,  , + 
fwd 


AW 


aft 


Equation  19  is  used  for  compression  loads.  For  tension  loads,  Equa- 
tion 19  is  adjusted  for  fastener  holes  at  the  front  and  rear  spars  and  for 
rivet  or  boltholes  for  attaching  stringers  or  caps  to  the  cover  skins.  The 
cover  construction  - multispar  or  stringers  (integral  or  riveted),  the  number 
of  spars  or  stringers,  and  the  size  of  fasteners  assumed  - determines  the 
incremental  width  that  is  subtracted  from  the  results  of  Equation  19.  Thus, 


"effi  tensl0n  * "effi  ' 2SpR  - NOS  x Ss  (21) 

Where 

SpR  * Fasteners  diameter  at  front  and  rear  spars 

NOS  = Number  of  intermediate  spars  for  multispar  design, 

number  of  intermediate  riveted  stringers,  and  zero  for 
integrally  stiffened  cover  construction 

Sg  = Fastener  diameter  for  intermediate  stringers  or  spars. 

The  synthesis  routine  determines  the  load  intensity  values  at  each  sec- 
tion during  each  iteration,  since  the  effective  couple  arm  is  one  of  the 
variables  of  the  analysis.  This  couple  arm  effect  is  sensed  by  the  program 
and  will  vary  according  to  load  levels,  material,  construction,  and  design 
constraints  imposed  on  the  cover  synthesis.  Under  certain  conditions,  this 
effect  has  a pronounced  effect  on  the  final  design  loads  and  resulting 
structural  weights. 


TORQUE-BOX  SYNTHESIS 

The  torque-box  synthesis  routines  are  designed  to  provide  cover  sizing 
data  that  can  be  integrated  to  provide  estimates  of  torque-box  component 
weights  and  weight  distributions.  Procedures  and  logic  are  programmed  so 
that  rational  weight  variation  data  can  be  predicted  for  various  materials, 
constructions,  vehicle  and  structural  design  criteria  and  requirements,  etc, 
and  reflect  imposed  constraints  of  material  and/or  fabrication  minimum  gages, 
and  optimum  design  compromises  such  as  stringer,  rib  or  spar  spacings, 
stringer  configurations  and  geometries,  and  spanwise  stringer  or  spar  orienta- 
tions. Also,  the  logic  includes  an  initial  synthesis  pass  to  determine  siz- 
ings required  to  resist  design  loads,  and  a second  pass,  if  necessary  to 
satisfy  both  stiffness  and  strength  requirements.  The  synthesis  results 
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provides  preliminary  sizing  and  design  data  which  can  be  used  as  advanced  data 
by  engineering  disciplines  requiring  structural  data.  Mass  distribution  data, 
preliminary  stiffness  (El,  GJ)  distributions,  preliminary  load  levels,  prelim- 
inary optimum,  but  practical  sizing,  operating  stress  levels,  etc,  are  part  of 
the  detail  design  data  resulting  from  the  synthesis  of  the  torque-box  structure. 

For  empennage  torque-box  synthesis,  the  procedures  are  the  same  as  used 
for  the  wing  box,  except  that: 

1.  For  the  horizortal  tail  the  compression  cover  will  generally  be  the 
lower  cover;  the  tension  cover,  the  upper.  Horizontal  tail  loads  are 
processed  by  the  airloads  module  so  that  the  cover  reacting  the  maxi- 
mun  compression  loads  will  be  treated  as  the  upper  cover  by  the  wing 
and  empennage  module.  The  status  of  the  design  loads  data  set  is 
identified  by  code  in  XMISC(42). 

2.  For  the  vertical  tail,  both  covers  are  sized  to  the  same  require- 
ments, either  tension  or  compression,  since  airloads  can  act  in  either 
direction. . Inertia  loads  are  not  considered  in  design  loads  calcula- 
tions for  vertical  tails. 

3.  For  the  vertical  tail,  the  surface  planform  geometry  is  generally 
expressed  in  terms  of  one  panel. 

The  program  will  account  for  the  discrete  differences  among  the  various  lift- 
ing surfaces.  The  only  condition  will  be  to  specify  the  type  of  surface  to 
be  analyzed  for  the  given  design  condition. 


Metallic  Torque-Box  Analysis 

Metallic  torque-box  designs  that  can  be  analyzed  include: 

1.  Skin-stringer  multirib  designs:  riveted  Z,  integral  Z,  integral  I, 

and  riveted  angle  (Figure  32) 

2.  Multispar  designs  with  plate  or  honeycomb  covers  (Figure  33) 

Support  ribs  or  spars  are  idealized  corrugated  web  plus  cap  systems.  The 
front  and  rear  spars  are  synthesized  as  flat-plate  stiffened  designs.  Cover 
material  can  be  any  material  type  that  can  be  described  by  a stress-strain 
curve  fitting  model  and  for  which  the  elastic  and  shear  moduli  and  strengtu 
cutoff  limits  can  be  defined. 

The  synthesis  program  requires  that  local  crippling  and  general  stability 
requirements  for  plates  and  columns  be  expressed  in  terms  of  b/t  or  L/p  for 
all  stress  levels,  including  the  plastic  range  of  the  material.  Figure  30 
shows  a typical  stress-strain  curve  with  derived  Ej,  and  b/t  plotted  for  the 
full  range  of  allowable  stresses.  The  synthesis  procedure  first  requires 
that  a stress  be  assumed.  From  this  condition,  strain,  tangent  modulus,  and 
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Figure  32.  Multirib  stringer  design  options. 


MACHINED  PLATE 
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Figure  33.  Multispar  design  options. 


secant  modulus  values  can  be  derived  from  the  curve  fit  equation;  thus,  for 
the  given  stress  level,  stability  parameters  for  the  plate  and  column  ele- 
ments can  be  derived  from  the  equations: 


b/t 


Kir2Er 


-|l/2 


12  (1-u  ) FCJ 


(22) 


for  plate  buckling  and  local  crippling,  and 


(23) 


for  general  column  instability. 

K = Buckling  coefficients  for  infinitely  long,  flat  plates, 

* with  K * 4.0  for  plates  simply  supported  at  the  edges,  and 

K = 0.426  for  plates  simply  supported  at  one  edge  and  free 
at  the  other 

u = Poisson's  ratio 

Fc  * Compression  stress  level 

= Reduced  modulus  at  Fc  for  long,  slender  plates,  determined 
as  a function  of  the  elastic,  tangent,  and  secant  moduli 

E = Tangent  modulus  at  F 

Equations  22  and  23  and  the  ability  to  evaluate  the  stress-strain  curve 

through  the  yield  cutoff  stress  form  the  basis  for  the  multi  rib  and  multispar 
synthesis  procedures. 

In  stringer-type  construction,  rib  spacing  L,  stringer  spacing  b, 
stringer  height  h,  stringer  flanges  f,  stringer  gage  ts,  and  skin  gage  tsk 
are  synthesized  from  the  effective  cover  material  T fer  the  particular  stress 
level.  Strength,  local,  and  general  instability  conditions  are  satisfied 
under  constraints  of  minimum  gages  and  minimum  or  maximum  L,  b,  h,  or  f. 
lT»e  analysis  can  also  operate  unconstrained  so  that  optimum  values  for  L,  b, 
h,  f,  ts,  and  tsk  can  be  determined.  For  stringer-skin  edge  restraint  cou- 
pling effects,  an  added  restraint  of  minimum  ratio  of  ts/tsk  is  used. 
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The  synthesis  search  requires  three  levels  of  operation.  In  the  first 
level,  stringer  spacing  is  the  primary  search  parameter  (Figure  34).  The 
second  level  search  (Figure  35)  involves  the  determination  of  the  optimum 
operating  stress  level  for  the  assumed  stringer  spacing.  For  each  condition 
of  stringer  spacing  and  stress  level,  the  best  arrangement  skin-stringer 
geometries  are  determined  through  a search  process  that  requires  the  highest 
section  inertia,  lx,  be  developed,  which  results  in  an  allowable  rib  spacing 
for  the  design.  For  this  optimization,  constraints  of  minimum  ts/tsk,  a 
rational  range  of  tsk/t*,  and  limiting  ranges  of  rib  spacings  are  used  to 
control  the  search  within  acceptable  limits. 

In  all  cases,  the  primary  optimization  assumes  that  cover  material  can 
be  traded  for  rib  material.  Thus,  in  each  search  level,  t total,  the  sum  of 
t covers  and  t ribs  can  be  plotted  against  the  current  search  parameter,  and 
the  optimum  value  of  the  search  parameter  can  be  obtained  for  the  smallest 
value  of  t total.  The  stringer  synthesis  routine  can  be  controlled  to 
analyze  stringer  orientation  in  either  constant  spacing  or  constant  number 
of  stringer  modes. 

Figure  32  shows  the  type  of  stringer  configurations  that  can  be  analyzed 
by  the  program  for  the  compression  cover.  The  tension  cover  arrangement  will 
be  asssumed  to  be  similar,  except  that  the  lower  cover  t will  be  derived  from 
net  section  tension  requirements  or  negative  loading  compression  requirements. 

The  multispar  synthesis  involves  only  the  synthesis  of  skin  and  cap 
material  for  specified  spar  spacings,  with  selection  of  the  best  practical 
spar  spacings  or  combination  of  spar  spacing  made  after  evaluation  of  output 
design  and  weight  data.  The  synthesis  considers  the  effectiveness  of  the 
intermediate  spar  caps  in  resisting  bending  loads.  The  intermediate  spar 
webs  are  sized  to  similar  conditions  as  rib  webs,  and  are  assumed  to  be 
corrugated  webs. 

In  honeycomb  cover  constructions,  the  strength  effect  of  inserts  at  the 
spars  and  the  panel  thickness  effect  on  cover  stability  are  considered.  The 
ineffective  weights  of  bond  and  core  material  plus  the  inserts  are  included 
in  the  equations  for 

Rib  and  intermediate  spar  synthesis  is  based  in  spring  rate  requirements 
for  the  cover  column  structure  and  for  induced  loads  due  to  cover  flexure. 

The  web  sizing  is  expressed  in  terms  of  equivalent  t rib,  which  is  derived 
from  the  volume  of  rib  material  divided  by  the  section  width  and  rib  spacing. 

Front  and  rear  spar  webs  are  synthesized  as  flat  stiffened  plate  struc- 
tures resisting  vertical  shears.  The  actual  depths  of  the  airfoil  are  used 
for  each  spar  in  the  determination  of  shear  loads  and  material  volume.  Cap 
materials  are  effective  bending  materials  and  therefore  are  assumed  to  vary 
with  the  cover  t requirements. 


an4 


FOR  A RANGE  OF  NUMBERS  AT  SECTION  i 


□ 

OPT  NO. 


AT  EACH  POINT  Fccr,  tsk, 
STR  GEOMETRY, 

RIB  SPACING  ARE 
COMPATIBLE  WITH 
DESIGN  LIMITS 


Width 


No.  of  Str/Spars  + 1 


NUMBER  OF  STRINGERS  OR  SPARS 

— SEARCH 
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For  each  system  of  cover  construction,  the  bending  londs  must  be 
resolved  into  axial  loads  so  that  cover  and  support  structure  can  be  synthe- 
sized. The  synthesis  procedure  assumes  an  idealized  rectangular  box  of  the 
same  width  and  cross-sectional  area  as  the  section  being  analyzed,  the  depth 
of  the  section  being  expressed  as  the  cross-section  area  divided  by  the  width. 
This  idealization  locates  the  covers  relative  to  each  other  and  provides  the 
basis  for  resolving  the  bending  loads  into  axial  load  components.  The 
moments  are  resolved  into  load  intensities  by  an  effective  couple  arm  and  an 
effective  width:  N = M/(Deff  x Weff).  Deff  is  the  distance  between  the 
upper  and  lower  cover  material  centroids,  and  Weff  is  the  width  expression, 
which  includes  (1)  for  the  compression  loads,  the  front  and  rear  spar  cap  and 
box  cover  overhand  material  and,  if  required,  the  intermediate  cap  and/or 
honeycomb  insert  material;  and  (2)  for  the  tension  cover  loads,  the  compres- 
sion cover  effective  width  less  the  hole-out  widths  due  to  attachments  for 
spars  or  riveted  stringers.  The  effect  of  Mc/I  stresses  at  the  crowns  of  the 
box  section  is  accounted  for  by  limiting  the  strength  stress  levels  at  the 
idealized  centroids  by  assuming  that  the  maximum  allowable  stress  will  not  be 
greater  than  the  product  of  the  ratio  of  d^g/c^a*  times  the  compression 
yield  stress  or  the  tension  ultimate  stress  of  the  material. 

The  synthesis  analysis  produces  initial  spanwise  sizing  distributions 
for  the  torque-box  components  from  which  spanwise  torsional  and  bending  stiff- 
ness distributions  are  derived.  These  stiffness  parameters,  plus  the  weight 
distributions  and  structural  sizing  data,  are  used  in  preliminary  flutter  and 
loads  analysis. 

Torsional  stiffness  requirements  at  each  structural  station  are 
expressed  in  terms  of  modulus  rigidity  G times  the  required  section  stiffness 
parameter  J.  In  the  section  synthesis,  the  minimum  J required  at  the  section 
will  be  one  limiting  constraint  on  the  section  web  and  skin  gages.  The  pro- 
gram determines  section  stiffness  for  strengh  design  from  the  equation: 


J - 


4A 


Ids/t 


(24) 


Where 

A = Enclosed  section  area  within  centroids  of  the  four  webs 
ds  ■ Length  of  each  web 
t = Gage  of  each  web 
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Inadequate  strength  J at  any  section  is  increased  to  the  required  J for 
the  flutter  stiffness  condition  by  a four-step  logical  procedure  of  increas- 
ing the  smallest  gage  first.  This  step  procedure  will  sense  the  best  com- 
bination of  cover  skin  and/or  spar  web  gage  increments  to  produce  the  required 
section  J.  The  individual  web  and  skin  increments  are  stored  for  the  weight 
evaluation  routines  to  enable  these  routines  to  assess  the  weight  increments 
required  for  flutter  stiffness.  The  strength  J to  required  J comparison  is 
performed  after  the  strength  sizing  requirements  have  been  optimized.  Thus, 
the  adjusted  skin  and  spar  web  gages  are  used  as  lower  limits  for  these  ele- 
ments during  a final  pass  through  the  analysis  to  reoptimize  for  combined 
effects  of  strength  and  flutter. 


Cover  Synthesis 

As  discussed  previously,  the  torque-box  synthesis  is  designed  around  the 
analytical  optimization  of  the  compression  cover  for  determination  of  the 
best  arrangements  of  skin,  stiffening ,_and  support  structures.  In  both  multi- 
rib and  multispar  optimization,  total  t (defined  as  the  sum  of  cover  t,  sup- 
port structure  t,  and  miscellaneous  attachment  t)  is  minimized  with  respect 
to  the  search  level  parameters.  Synthesis  logic  and  controls  are  programmed 
so  that  only  the  synthesized  sizings  that  satisfy  strength  and  stability 
criteria  and  satisfy  boundary  conditions  such  as  minimum  and  maximum  stringer 
or  spar  spacings,  maximum  or  minimum  rib  spacings,  minimum  gages,  etc,  are 
selected  and  returned  to  the  next  higher  level  search  as  valid  points.  In 
most  cases,  changes  in  t cover  results  in  changes  in  both  skin  gages  and 
support  structure  and  attachment  t. 

The  programmed  procedure  is  a general  numerical  search  synthesis/ 
analysis  that  is  applicable  to  both  multirib  and  multispar  designs.  The 
basic  logic  is  programmed  for  multirib  analysis;  with  special  controls,  addi- 
tional logic  and  data  manipulation,  the  general  search  has  been  adapted  for 
analysis  of  multispar  designs.  Numerical  optimum  search  techniques,  logic 
and  data  manipulation  are  used  to  minimize  computer  execution  time.  Constant 
terms  or  data  which  appear  in  repetitive  loops  are  precalculated  and  stored 
for  general  access  by  all  control  and  computational  routines.  In  the  three 
search/optimization  levels,  predetermined  limits  are  developed  from  design 
control  data  and  used  as  specifications  to  (1)  provide  initial  starting 
values  for  the  search  parameter  and  (2)  limit  the  extent  of  search  within 
acceptable  limits.  Parabolic  curve  and  straight-line  properties  are  used  to 
aid  in  (1)  determination  of  the  optimum  point,  (2)  to  shorten  search  compu- 
tations for  solutions  that  have  implicit  relations,  and  (3)  to  direct  the 
search  from  parameter  values  where  no  solution  exist  to  the  value  at  which 
a solution  exists. 
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The  first  aforementioned  technique  is  applicaole  to  the  search  shown  in 
Figure  35,  where  the  optimum  stress  is  determined  for  minimum  t from  the 
derivative  of  the  parabolic  curve  fitted  through  the  three  computed  t points. 

The  second  technique  applies  to  the  search  for  determining  the  stress 
level  at  which  available  b/t  equals  required  b/t  for  specified  conditions  of 
stringer  or  spar  spacing,  b,  load  level  Nx,  and  the  desired  ratio  of  skin 
gage  to  total  t.  Since  (b/t)  required  is  a function  of  stress  level,  t is  a 
function  of  Nx  and  stress  level,  and  (b/t)  available  a function  of  t,  a 
direct  solution  cannot  be  determined  over  the  plastic  range  of  the  material. 
Figure  36  shows  the  curve  fit  operation  for  the  first  approximation  solution 
for  this  condition.  A special  parabolic  curve  fit/curve  evaluation  sub- 
routine provides  the  approximate  stress  value,  Fco,  that  satisfies  the  condi- 
tions (at  R = 1.0).  A second  interpolation  is  made  to  improve  the  accuracy 
of  the  solution  and  insure  against  inproper  curve  fit  resulting  from  points 
straddling  reflexes  in  the  variation  curve. 

The  third  type  is  used  in  search  levels  two  and  three,  when  conditions 
occur  such  that  the  region  of  search  on  stress  levels  results  in  t insufficient 
for  (1)  required  skin  material,  (2)  required  stringer  area  to  satisfy  geometry 
and  buckling,  (3)  required  stringer  area  to  satisfy  column  stability,  or  (4) 
all  three  or  combinations  of  the  three. 


The  equivalent  t representation  of  supporting  structure  and  attachment 
t in  the  total  t equation  requires  an  adjustment  coefficient  to  account  for 
the  inequality  that  exists  between  the  number  of  spacings  and  the  number  of 
members.  The  adjustment  constant,  K-  , is  found  from 


le- 

ts 


NOS 

NOS  + 1 


Where 


NOS  * Number  of  support  members 


(25) 


This  correction  factor  is  also  applicable  to  stringer  t representation  and  is 
necessary  for  the  programmed  analysis,  since  the  assumption  is  made  that  the 
total  material  requirement  across  the  structural  width  for  support  members  or 
stringers  is  equal  to  the  width  times  t.  Without  this  factor,  inaccuracies 
occur  when  the  total  number  of  members  approach  one. 


In  the  first  search  level,  the  optimization  parameter  is  NOS,  the  number 
of  stringer/spar  spacings  across  the  structural  chord.  The  range  of  search 
is  dictated  by  (1)  the  specified  minimum  number  of  members  (NOS^n)  in  the 
box  and  (2)  the  range  of  spacings  to  be  considered,  bmin  to  bmax . The  control 
routine  evaluates  the  range  in  NOS  at  each  local  chord  where 
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AvaMable  (b/t)/Requi red  (b/t) 


Stress  control  points 


Figure  36.  Interpolation  scheme  for  stress  level. 
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1 


(26) 


W 

^ . b . 
min  mm 

NOS^  - - 1 (27) 

max  max 

The  maximum  NOS  is  specified  by  1%^,  while  the  minimum  is  specified  by  bmax. 

A logical  check  is  made  against  the  specified  NOS^n  to  insure  the  NOS 
derived  from  Equations  26  and  27  are  acceptable.  This  results  in  search 
boundaries  for  the  number  of  stringers  or  spars.  If  the  specified  NOSmin  is 
larger  than  the  values  determined  by  Equations  26  and  27,  evaluation  is 
made  only  at  NOSmjn.  Computed  NOS  is  always  rounded  to  integer  sets  unless 
the  input  data  set  control  specifies  a primary  search  for  stringer  spacings. 

The  current  search  value  of  NOS  is  specified  to  the  next  level  control. 

In  this  routine,  the  highest  stress  level  that  satisfies  load  and  cover  con- 
figuration specifications  is  determined  for  the  current  value  of  NOS.  Pre- 
liminary computations  for  starting  values  of  stress  levels  are  estimated  for 
limiting  conditions.  The  lowest  stress  value  is  then  used  to  start  the 
search,  which  is  schematically  shown  in  Figure  35.  The  limiting  stress 
values  examined  are: 

1.  Maximum  allowable  stress  level,  F_Jllv. 

CMAX 

2.  Stress  level  at  minimum  gage  condition,  for  stringers: 


N 

x 


t . 
mm 


(28) 


t . 
min 


t + 

skin  min 


str  min 


str 


(28a) 


A 


str  min 


t [developed  length  of  minimum 
size  stronger] 


(28b) 


3.  Stress  level  at  condition  where  available  (b/t)  is  equal  to 

required  (b/t)  for  skin  buckling  determined  from  Equation  22.  This 
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stress  level  is  determined  by  numerical  interpolation,  as  discussed 
previously. 

4.  Stress  level  determined  for  available  (b/t)  where  t = t , . 

skin  mm 

Stress  level  search  values  are  specified  to  the  third- level  search  control 
where  cover  configurations  are  synthesized.  The  stringer  synthesis  procedure 
distributes  the  available  material  determined  from  t = Nx/fc.  This  t is  dis- 
tributed into  skin  and  stringer  material  so  that  all  elements  satisfy  local 
stability  requirements  and  all  specified  geometric  constraints  of  minimum 
gages  and  minimum  and  maximum  stringer  geometries.  Available  stringer  column 
is  checked  if  the  preceding  conditions  are  satisfied;  the  configuration  is 
accepted  if  the  stringer  column  length  is  greater  than  the  specified  minimum 
rib  spacing,  rejected  if  it  is  less.  Specified  stress  levels  with  available 
cover  material  that  cannot  be  distributed  to  satisfy  '.11  these  conditions  are 
rejected  and  control  returned  to  the  second  level,  where  the  rejection  condi- 
tion indicator  is  examined  to  control  the  search  for  a lower  acceptable  stress 
level.  Skin  material,  tg^jp,  is  optimized  in  the  third  search  level  for  the 
highest  radius  of  gyration  for  the  stringer  column,  resulting  in  logic 
designed  to  maximize  stringer  area  and  height.  Thus,  ts^jn  can  be  optimized 
against  total  t,  since  stringer  radius  of  gyrations  dictates  stringer_column 
available  at  any  stress  level  (Equation  23),  resulting  in  changes  in  t sup- 
port and  attachments. 

Skin  gages  satisfying  (1)  plate  buckling  stability  (b/t),  (2)  t skin 
min,  and  (3)  material  distribution  range  RskIN  MIN  ^ RSK1N  MAX  are  examined 
to  identify  the  range  of  acceptable  gages  to  be  used  in  the  search.  RskIN  is 
the  search  control  parameter  used  to  control  material  distribution  between 
skins  and  stringers  and  is  the  ratio  of  skin  thickness  to  cover  t.  The  mini- 
mum search  value  gage  is  the  larger  of  the  preceding  items  1 and  2,  and  the 
gage  determined  from  RskIN  MIM*  The  nraximum  value  is  the  gage  specified 
^ RSKIN  MAX  X t.  If  the  minimum  search  value  is  greater  than  the  maximum 
(where  b/(b/t)  is  less  than  RskIN  MAX  X "t) , the  current  stress  level  is 
rejected  and  control  returned  to  the  second  level. 

Acceptable  skin  gages,  tskin»  then  result  in  values  of  stringer  areas, 
since: 


Fstr  ' 

t " t . . 
skin 

(29) 

\tr  * 

b x t . 
str 

(29a) 

The  skin  gage  is  rejected  if  Astr  is  less  than  A<tr  mjn.  Acceptable  stringer 
areas  are  then  distributed  into  the  stringer  elements  to  satisfy  local 


stability  conditions  and  stringer  geometry  constraints,  based  on  the  type  of 
stringer  configuration  desired  (Figure  32) . 

Figure  37  shows  a riveted  stringer  configuration  and  the  equations  for 
determining  cross-scctional  properties  from  sizing  data  for  evaluation  of 
allowable  rib  spacing,  hcoi*  The  stringer  gage,  tstr;  height,  h;  and  flange 
lengths,  fu  and  fL,  are  determined  for  the  available  stringer  such  that 
h/tstr*  fL/tstr  satisfy  the  allowable  (b/t) * s for  these  elements.  The 
buckling  coefficient  is  assumed  to  be  4.0  for  the  web  and  0.426  for  the 
flanges.  The  stringer  gage  is  dictated  by  one  of  the  following  conditions  or 
combinations : 

1.  Minimum  gage 

2.  Minimum  size  assigned  to  h,  fu,  fL 

3.  Web  b/t 

4.  Flange  b/t 

5.  Maximum  size  assigned  to  h,  fu,  fL 

Thus,  tstr»  h,  fu  and  fl  are  evaluated  from  one  of  the  following  sets  of 
equations  by  logically  determining  the  controlling  parameter  for  the  given  set 
of  conditions: 

1.  For  h,  fu,  fL  within  minimum  and  maximum  sizes: 
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Figure  37.  Stringer-column  geometry. 
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2.  For  fu 


3.  For  fu 


4 . For  h 


5 . For  h 


fL  = f , h within  mininun  and  maximum  sizes: 
max 


-2f  + f 2f  + 4 A . (b/t),  . 

max  [ max  str  v 'hj 
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h ■ t (b/t), 
strv  yh 


fu  . , h,  and  fL  within  minimum  and  maximum  sizes: 
min 
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h , fu  = fL  within  minimum  and  maximum  sizes: 
max’ 


-h  + h “ + 4 A 
max  max  str 


-.1/2 


str 


2 | 2 (b/t) f } 


(33) 


fu  = fL  = t (b/t)f 
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h , fu  = fu  . , fL  within  minimum  and  maximum  sizes: 
max  min 

T 7 ll/2 

-(fL  + fu  . ) + (h  +fu  . r+A  . (b/t). 
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tstr  " 2 (b/t). 
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The  h^j  condition  is  one  of  the  control  points  in  the  synthesis; 
tstr  for  this  point  determined  from  tstr  = fLmin/(b/t)f , gage 
checked  against  stringer  minimum  gage,  then  fu  calculated.  If  tstr 
is  less  than  minimum,  the  current  stringer  is  rejected  and  control 
passed  to  the  tskin  search  routine  with  the  proper  rejection  status 
indicator.  Acceptable  tstr  condition  lesults  in  checks  for  available 
to  required  minimum  developed  length.  If  this  condition  is  satis- 
fied, the  solution  is,  at  this  point  or  in  the  tstr  region,  dictated 
by  control  parameters  found  in  items  1 through  5. 

The  area  distributions  for  integral  Z- stringers  are  based  on  the 
equations  found  in  1,  2,  and  4,  except  that  fu  is  set  to  zero.  Angle 
stringers  are  treated  with  same  equations,  except  that  the  buckling 
coefficient  for  Cb/t) ^ is  set  to  0.426. 

Integral  I -stringer  equations  following  are  modified  forms  of  1 and  4, 
with  (b/t)h  computed  with  the  buckling  coefficient  set  to  0.426. 

6.  For  h within  minimum  and  maximum  sizes: 
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h = t (b/t). 
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7.  For  h = h : 
max 


t * A /h 
str  str  max 


8.  For  h = h . , tstrst  min  gage: 
min’  6 6 


(35) 
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Intermediate  Support  Structure 

Intermediate  ribs  and  spars  are  treated  as  corrugated  web/cap  structure 
located  through  (1)  input  data  set  specifications  or  (2)  at  spacings  to  pro- 
vide support  for  general  stability  of  covers  under  compression  loadings. 
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In  general,  the  spacings  are  not  specified;  therefore,  in  stringer  designs, 
the  available  column  length  of  the  stringer  column  is  determined  from  the 
stability  equation  for  long  colunns,  Equation  23. 

Support  structure  t is  expressed  as  the  sum  of  the  cover -material  equiva- 
let  volume  of  web,  cap,  and  attachments  divided  by  the  planform  area  of  dis- 
tribution. The  distribution  area  is  the  structural  width  times  the  rib 
spacings  for  multirib  designs  and  spar  spacing  for  multispar  designs,  if  the 
volume  is  expressed  in  unit  span  values.  Thus: 

y]  + ^ 

web  caps  attachments 

p ^38) 

cover 

Where 

C = Structural  width 
sc 

p = Density  of  the  cover  material 

cover  1 

The  rib  web  is  assumed  to  act  as  a column  which  provides  the  strength 
and  stiffness  at  the  stringer  column  ends  necessary  to  prevent  cover  general 
instability  failures  and  to  react  the  crushing  loads  due  to  torque-box  bend- 
ing stresses.  Support  stiffness  requirements  are  determined  from: 


trib  C *L 

sc  rib 


T 2irM 

L « 


Where 

L ■ Rib  spacing 
M = Bending  moment 

E ■ Elastic  modules  of  the  web  material 
rib 

W = Structural  width 
t * Equivalent  rib  gage 


(39) 
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By  assuming  that  M/W  can  be  related  to  cover  loading  by  the  equation 

M/W  = 

Nx  x D c, 
eff 

(40) 

Equation  (39)  reduces  to: 

t <* 
r 

2 it  M Deff 

E ..  x L 
rib 

(41) 

Rib  loads  due  to  crushing  loads  from  cover  panels  are  determined 

from: 

2L  o2  t 
c c 

°rib 

Er  Deff  fr 

(42) 

Where 

o = 
c 

Compression  stress  in  the  cover 

*c  ‘ 

Compression  cover  t 

h - 

Tangent  modules  of  the  cover 

"t  * 
r 

Effective  rib  web  material 

_Since  ac/E^. 
and  t o - N , 

C C X 

, is  equal  to  the  strain,  e,  at  the  compression  stress  level, 
Equation  43  can  be  solved  for  the  effective  rib  t required 

or: 

a 

2N  eL 

X 

(43) 

t — 

r 

°rib  °eff 

Since  the  rib  web  acts  as  compression  columns,  the  rib  material  must  be 
distributed  to  prevent  local  and  general  instability  failures.  For 
60-degree  circular  corrugated  webs  with  radius  R,  the  local  stability  allow- 
able is  expressed  by: 

a « 0.4E,.  (t/R)  (441 

scr  r v ' v J 
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Where,  E , the  reduced  modulus  is  determined  as: 
r 


E 


r 


(44a) 


General  instability  allowable  is  found  from  the  general  column  equation 


or 


o 

scr 


1.425 


(45) 


(45a) 


The  equivalent  t for  corrugated  ribs  is  determined  from  the  product  of  the 
corrugation  factor  times  the  web  gage  where  the  corrugation  factor  CF  is: 


CF 


nR/2R  Sin  60  ‘ 


1.2092 


(46) 


Thus,  the  applied  compression  stress  from  Equation  42  and  the  required  tf 
for  stiffness  can  be  related  to  the  corrugated  web  gage.  The  rib  synthesis 
routine  determines  the  required  web  gage  and/or  corrugation  radius  to  provide 
the  stiffness  required  and  insure  that  the  applied  stress  is  within  the  allow- 
ables specified  by  Equations  44  and  45. 

The  equivalent  cross-sectional  area  of  the  rib  is  estimated  from  the 
equation: 


Aweb  = [Deff  ‘ 2(tsk  + tw)  + 2LCAPsJ  * ’ CF 
Attachment  and  miscellaneous  material  required  is  expressed  as: 
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Where 


K * Constant  s 1.15 

f * Riveting  stringer  flange,  if  riveted  Z or  angle 
hstr  = Stringer  height 

Thus,  t rib  for  optimization  and  weight  can  be  computed  as: 

t . = r— — [A  + A . ] 

rib  L ..  web  misc 


(49) 


Front  and  Rear  Spars 

Front  and  rear  spars  are  treated  as  shear- carrying  members  consisting  of 
caps  and  web  structures  plus  attachments.  The  webs  are  assumed  to  be  flat 
plates  with  attached  angle  stiffeners  resisting  the  vertical  shears  at  the 
front  and  rear  spars: 


Where 

fs  = Shear  stress  in  the  web,  pounds  per  square  inch 
q = Shear  load,  pounds  per  inch 
tw  * Web  gage,  inches 


(50) 


Allowable  shear  stresses  are  determined  for  the  web  based  on  the  plate 
aspect  ratio  between  stiffeners  and  the  effect  of  bending  stresses.  For 
pure  shear,  the  equation  for  critical  shearing  stress  is: 
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Where 


K.  ■ Shear  buckling  constant  for  panel  aspect  ratio  b/a  (b  * short 
dimension,  a « long  dimension),  for  plates  with  all  sides 
simply  supported 

A straight-line  table  interpolation  scheme  is  used  to  determine  for 
derived  b/a  values. 

Combined  shear  and  bending  allowables  are  determined  from  the  equation: 
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(52a) 


oc  * Bending  compression  stress 
f * Applied  shear  stress  * q/tw 


The  peak  compression  stress,  oc,  is  based  on  the  compression  cover  stress 
at  the  cover  centroid  and  the  mold  line  depth  at  the  spars  less  an  incre- 
mental depth  for  cap  allowance.  If  the  web  depth  is  d^,  then: 
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(53) 


An  iterative  search  routine  is  programmed  to  determine  the  web  gage 
which  results  in  shear  stresses  that  satisfy  Equations  51  and  52.  Stiff- 
eners are  assumed  to  be  spaced  6 inches  on  center,  but  can  be  changed  in  the 
input  data  set.  Stiffener  gage  is  assumed  to  be  equal  to  the  web  gage;  the 
flange  width  is  assumed  to  be  equal  to  0.75  x L^p  (L  * spar  cap  overhang 
forward  or  aft  of  the  front  and  rear  spar  planes).  v 
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Spar  caps  are  based  on  assumed  widths  of  cover  t at  the  station  analyzed, 
provided  that  the  indicated  cap  gage  defined  by  the  cap  area  divided  by  a 
predetermined  cap  developed  length  is  not  less  than  an  assumed  cap  minimum 
gage.  This  cap  minimum  gage  is  generally  larger  than  the  web  or  cover  skin 
minimum  gage,  due  to  attachment  requirements  or  allowance  for  groove  sealing 
provisions  (0.156  for  aluminum,  and  0.100  for  titanium  caps).  Miscellaneous 
attachment  requirements  are  estimated  as  a fraction  of  the  total  requirements 
at  the  station  (0.0250). 


Bending  and  Torsional  Stiffness 

The  detail  structural  sizings  resulting  from  synthesis  of  the  torque-box 
structure  provides  data  from  which  initial  estimates  can  be  made  of  bending 
and  torsional  stiffness  distributions  along  the  structural  span.  These 
structural  characteristics  are  based  on  the  idealized  rectangular  box  section. 
The  box  system  is  assumed  to  be  single  celled  with  neutral  axis  at  the  cen- 
troid of  the  idealized  box. 

Bending  stiffness,  El,  is  determined  from  chordwise  summation  of  cover 
Io's  and  transfer  terms  times  the  elastic  modulus  of  the  compression  cover 
material.  Correction  factors  for  E can  be  specified  in  the  input  data  set  if 
the  lower  cover,  front  spar,  and  rear  spar  elastic  modulus  are  different  from 
the  upper  cover.  Front  and  rear  spar  cap  transfer  terms  are  based  on  dis- 
tances derived  from  spar  mold  line  depths  and  estimated  spar  cap  entroids. 

Torsional  stiffness,  GJ,  is  determined  from  the  product  of  the  section 
stiffness  parameter  (J)  of  the  assumed  single-cell,  four-web  box  and  the  com- 
pression cover  shear  modulus,  G.  J is  determined  by  Equation  24.  The 
ds/t  term  of  this  equation  is  computed  for  each  web,  thus: 


Lds/t  = 


W 


skin  upper 


W + ^rs 

t skin  lower  tfs  *rs 


(54) 


At  structural  stations  where  section  J resulting  from  strength- sized 
webs  is  less  than  the  J required  for  flutter,  the  evaluation  routine  first 
orders  web  and  length  data  into  a data  set  from  which  the  element  with  small- 
est gage  is  first  selected  for  web  gage  change  to  increase  the  section  J. 

A step-wise  increase  is  made  until  (1)  the  section  stiffness  parameter  is  equal 
to  the  required  or  (2)  the  three  smaller  webs  have  been  increased  to  the 
thickness  of  the  largest  web.  If  condition  2 does  not  result  in  required  J, 
all  webs  are  incremented  equally  to  produce  the  desired  value  of  .1. 
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The  synthesis  control  routine  identifies  all  webs  that  are  changed  in 
size  and  provides  for  resizing  of  these  elements,  with  the  condition  that  the 
flutter  required  web  gages  be  treated  as  minimum  web  gages , in  lieu  of  the 
fabrication  minimum  gages.  The  resized  section  data  are  than  processed  for 
final  evaluation  of  section  bending  and  torsional  stiffness  characteristics. 

Strength- si  zed  design  data  and  flutter-sized  data  are  ordered  for  the 
torque-box  weight  analysis  routines  so  that  estimates  of  weight  and  distribu- 
tions can  be  made  for  both  strength  as  well  as  combined  strength  and  torsional 
stiffness  requirements. 


Advanced  Composite  Torque-Box  Analysis 

The  programmed  advanced  composite  analysis  is  designed  to  determine 
structural  requirements  of  torque  boxes  constructed  with  all  cover  and  sup- 
porting structures  fabricated  with  laminated  layers  of  filamentary  fibers. 

The  prediction  procedure  determines  the  necessary  number  and  orientation  of 
fiber  layers  to  provide  the  strength,  stability,  and  stiffness  characteris- 
tics required  for  each  element  of  the  box.  Assuiptions  are  made  to  adapt 
detail  analysis  procedures  to  the  quick- response,  preliminary  nature  of  the 
synthesis  procedures.  Equations  used  to  evaluate  the  behavior  of  laminated 
webs  under  load  are  based  on  existing  detail  filamentary  analysis  equations. 
Where  possible,  similarity  to  the  metallic  structure  analysis  is  maintained; 
structural  idealization  assumptions  and  scope  of  the  synthesis/weight 
analysis  procedures  are  similar. 

Torque-box  construction  types  that  can  be  analyzed  include: 

1.  Multispar  plate  cover  designs 

2.  Multirib  stringer- stiffened  cover  designs 

3.  Full-depth  honeycomb  sandwich  designs 

Spar  and  rib  support  structures  are  idealized  as  sheet  web  plus  cap  systems; 
the  webs  for  these  structures  can  be  designed  as  either  corrugate  webs  or 
honeycomb  panels.  The  cover  and  support  structures  are  assumed  to  be  mechan- 
ically fastened  at  cover- to- spar/rib  joints  to  provide  an  integrated  torque- 
box  structure.  Face  sheets  for  full-depth  honeycomb  sandwich  boxes  ire 
assumed  to  be  bonded  to  the  supporting  core  material. 


General  Behavior  of  Composite  Laminates 

An  advanced  composite  material  is  made  up  of  high-strength/stiffness 
fibers  imbedded  within  an  essentially  homogeneous  matrix.  Typical  materials 
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are  (fiber/matrix)  boron/epoxy,  graphite/epoxy  (high -modulus,  intermediate- 
strength,  high-strength),  and  boron/aluminum.  In  general,  these  materials 
have  high-strength/stiffness  properties  in  the  longitudinal  (parallel  to  the 
fiber)  direction,  and  a low-stiffness/strength  in  the  transverse  direction. 
Layers  (lamina)  of  the  e materials  can  be  laid  up  to  produce  a laminate; 
stiffness  and  strength  properties  of  the  laminate  are  tailored  by  varying  the 
orientation  and  number  of  layers. 

The  programmed  analysis  assumes  lamina  of  three  discrete  orientations  to 
make  up  laminates  (Figure  38).  These  are  0,  90,  and  ±45  degrees.  The 
±45-degree  lamina  is  not  really  one  lamina,  but  two  laminas  oriented  at 
90  degrees  to  each  other. 


0°  ply  90°  ply  ±45e  ply 


Figure  38.  Composite-ply  orientations 

Plies  oriented  at  0 degree  (longitudinal)  are  strongest  in  the  axial  direc- 
tion, while  the  ±45-degree  plies  are  best  at  resisting  shear.  90-degree 
plies  are  added  to  keep  the  laminate  balanced.  Although  the  order  in  which 
these  laminae  are  laid  up  has  a bearing  on  the  properties  of  the  laminate, 
a particular  layup  sequence  is  not  implied  in  the  sizing  results;  i.e.,  com 
putations  are  based  on  an  equivalent  number  of  plies  in  a homogeneous  (as 
opposed  to  layered)  laminate. 

Certain  general  assumptions  about  the  'ailure  of  a laminate  are  made  to 
simplify  the  analysis.  These  assumptions  are: 

1.  That  the  laminate  must  contain  enough  plies  with  their  fibers 
oriented  parallel  to  the  axis  of  the  principal  axial  load  (the 
0-degree  direction  for  the  member)  to  carry  the  axial  load  without 
failure. 

2.  That  the  laminate  must  contain  enough  ply-pairs  oriented  at 

±45  degrees  to  the  0-degree  direction  to  carry  the  applied  shear 
load. 

3.  An  additional  c-percent  more  plies  oriented  at  90  degrees  are 
added  to  carry  any  in-place  loads  transverse  to  the  0-degree  direc- 
tion (a  default  value  of  0.10  is  assumed  for  c). 
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This  predetermines  the  laminate  configuration  to  be 


where  i - number  of  0-degree  plies,  m ■ number  of  ±45-degree  sets,  and 
n * number  of  90-degree  plies  in  half  of  the  laminate,  Figure  39.  This  con- 
figuration was  chosen  because  in-plane  axial  loads  are  most  efficiently  car- 
ried with  plies  oriented  along  the  axis  of  these  loads,  while  shear  loads  are 
most  efficiently  carried  by  pairs  of  plies  oriented  at  *45  degrees  to  the 
0-degree  direction. 


1 

2m 

n 


0° 


±J»5° 

90° 

90° 

±45° 


0° 


Figure  39.  Laminate  configuration. 

All  laminates  are  assumed  to  be  balanced.  This  means  that  there  are  as 
many  plies  at  +0  degrees  from  the  0-degree  direction  as  there  are  at 
-e  degrees  from  the  0-degree  direction.  All  laminates  are  also  assumed  to  be 
symmetric;  that  is,  they  are  symmetric  about  the  middle  surface  of  the 
laminate. 

If  a laminate  was  specified  as  having  L ■ 5,  M ■ 7,  N ■ 2,  then  it  would 
have  10  0-degree  plies,  14  +45 -degree -sets  of  plies,  and  four  90-degree  plies. 
Although  the  order  in  which  these  plies  are  laid  up  makes  a difference  in  the 
final  properties,  the  derived  equations  assume  that  each  type  of  ply  is 
spread  homogeneously  throughout  the  thickness  of  the  laminate. 


Governing  Relationships 

The  governing  equations  of  lamination  theory  are  presented  in  the  follow- 
ing paragraphs.  These  are  used  to  derive  material  constant  equations  neces- 
sary for  the  analysis.  Rjrther  information  regarding  these  equations  is 
available  in  "Advanced  Composite  Design  Guide,"  Volume  2. 
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An  orthotropic  composite  material  is  characterized  by  the  elastic  con- 
stants E^,  Et,  Glt,  and  Vij,  and  the  allowable  stresses  Fgtu,  Fg011,  and  F|u 
Further , the  physical  constants  p and  tL  are  necessary.  The  stress-strain 
relationship  for  a composite  laminate  is  expressed  by: 


N 

X 

N 

S 

y 

N 

*yj 

(55) 


The  A-matrix  is  the  stiffness  of  the  laminate  and  is  used  in  many  places  in 
the  program.  The  assumption  that  the  laminate  is  balanced  implies  that  there 
is  no  coupling  between  and  Nx  or  Ny  (also  between  ex  and  e and  N ) . 

This  assumption  is  enforced  by  setting  A13,  A23»  A31,  and  A32  equal  to  zero. 
Also,  due  to  symmetry,  A12  must  equal  A21.  Thus,  the  A-matrix  has  only  four 
independent  components: 
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(56) 


The  A-matrix  can  be  calculated  from  the  elastic  constants,  using  the 
following  relations: 


y t Q fK) 

K ^iJ 


(57) 


Where 
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1, 


■> 

*-  f 


J 


1,  2,  3 


where  K refers  to  the  Kth  layer  and  NL  is  the  number  of  layers,  the  Q-matrix 
is  calculated  for  each  layer,  using  the  transformation  equations: 


‘11 


‘12 


‘22 


‘66 


= An  * 2m2n2«}12  ♦ 2QW)  * n4Q22 

(58) 

* Tn2n2(Qu  * Q22  - 4Q661  ♦ (m4  ♦ n4)Q12 

(59) 

= n4Qu  * a»V(Q12  * 2Q66)  * m4q22 

(60) 

- m2„2«ll  * «22  ' 2«12  - 2V  * f"4  * "4»66 

(61) 

where 

m * cos 
n * sin 

The  Q-matrix  represents  the  stress -strain  relationship  of  one  lamina 
written  in  the  laminate  orientation  system  (x,  y)  shown  in  the  following 
sketch.  0 is  the  angle  between_the  laminate  coordinate  system  and  the 
lamina  coordinate  system.  The  Q-matrix  is  the  stress-strain  relationship 
written  in  the  lamina  coordinate  system  (L,  T). 
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The  Q-matrix  can  be  calculated  directly  from  the  elastic  constants 
using: 


Q22 


^66 
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E 

(1  - v 


VLTQ22 


L 

LTVTL 

T 

LTVTL 
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(62) 

(63) 

(64) 

(65) 


Note  that: 


0 


and 


For  the  specific  case  of  a laminate  with  the  configuration 

(0°  /±45°  /90° 

[ V m n 

the  calculation  of  the  A-matrix  can  be  simplified  by  noting  that  only  six 
elements  of  the  Q-matrices  are  used  to  calculate  the  stiffness  of  a laminate 
with  any  £,  m,  and  n.  Using  Equations  58  through  65  for  a 0-degree  ply: 


' VLTVTL 
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n°  « — 

22  (1  - vltvTl^ 

Q12  * VLTQ22  * VTL  Q11 

^66  GLT*  311  remainin8  Q “ 0 (66) 


For  a 90-degree  ply: 
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All  remaining  Q ■ 0. 

For  a ±45-degree-ply  set: 

Qn  - <£  ■ °-2S  [On  * 022  * 2(Q12  * *LT)] 
of2  ■ °-25  «n  * 022  - 4Glt  * 2Q12) 

Q«  - 0.25  (Qu  * Q22  - 2Q12) 


(67) 


(68) 


A new  notation  can  be  introduced  that  corresponds  with  the  computations 
in  the  programmed  analysis: 
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«1  ■ ’ll 


«2  ■ «22 


93  ' ^12 


' «fi 


!45 

hi 


(69) 


45 

Q.,  is  calculated  as  needed. 

00 

For  a composite  laminate  subject  to  and  N loads,  the  following 
design  equations  apply:  X 


N 


It  F 
ZtLr0 


tu 


; N <0,  tension  loads 
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(70) 
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2tLF0 


cu 


; Nx  > 0,  compression  loads 


(71) 
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4t  F 
L 45 


su 


(72) 


n * c(i  + 2m) 


(73) 


Where  c is  an  arbitrary  fraction.  The  following  constants  are  useful  for 
repeated  calculations: 
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xi  ■ Vo“ 

X2  ' 2tLFOtU 

XJ  ' «lf«s“  (74> 

At  times,  it  is  necessary  to  calculate  the  gross  elastic  properties  of 
a laminate,  E*  and  G^.  The  equations  used  are  as  follows: 


E - («Qj  ♦ 2mQ4  * nQ2) 

G ’ -T  [f«l  + »2  ‘ 2Q3>  * * b^®Lt] 


(75) 

(76) 


Where 

t » (i  + 2m  + n)2tL  (77) 

tL  * thickness  of  lamina,  inches 

Temperature  Dependence  of  Properties 

All  engineering  materials  are  subject  to  changes  in  properties  at  ele- 
vated temperatures.  To  account  for  these  changes,  all  necessary  material 
constants  are  computed  as  a function  of  the  design  temperature  for  each  set 
of  design  loads.  The  properties  affected  by  temperature  are  E.  , Ej.,  Gjj  ,PLT» 
F0tu,  Fq01,  and  F45SU.  The  material  constants  that  must  be  calculated  as  a 
function  of  temperature  are  Qj,  Q2,  Q3,  Q4,  Q5,  X^,  X2,  and  X3.  (Refer 

to  Equations  69  through  74.)  In  addition,  the  extentional  and  shear  modulus 
of  the  material  for  the  honeycomb  core  used  on  some  designs  are  also  subject 
to  temperature  variation. 

The  method  chosen  to  confute  these  at -temperature  properties  is 
straight-line  interpolation  of  specified  properties  at  predetermined  control 
points.  Since  most  advanced  composites  with  epoxy  matrix  materials  are 
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unusable  at  tenperatures  above  350°  F,  a temperature  range  of  0°  to  400e  F is 
used.  The  program  accepts  as  input  to  a temperature  compensation  table, 
factors  of  1 to  100,  or  greater,  that  represent  the  percent  of  the  room- 
tenperature  property  available  at  0,  100,  200,  300,  and  400°  F.  Properties 
at  a specific  temperature,  Pp,  are  determined  from  the  room- temperature 
property  Prj,  using  the  following  formula: 


(T-M 

Tc(N)  - T.(N+1)' 

\100  / 

100 

(78) 


Where: 

T *■  Temperature 

T * Temperature  compensation  table  temperature  immediately 
N below  T 

T (N)  » .Temperature  compensation  table  value  just  below  T 

c 

T (N+l) . * Temperature  compensation  table  value  immediately 
above  T 

Temperature-dependent  properties  are  conputed  and  stored  for  each  of  the 
up  to  20  load  cases  analyzed,  each  set  computed  at  the  design  temperature  for 
ti  e load  condition.  Additionally,  up  to  four  other  temperature  sets  are 
created  to  be  used  for  evaluation  of  torque-box  stiffness  distributions  at 
the  specified  reference  temperatures.  These  computations  are  made  by  sub- 
routine TEMPC. 


Stability 

In  general,  four  types  of  structural  members  need  to  be  checked  for 
stability  under  axial  and  shear  in-plane  loads.  These  structures,  shown  in 
Figure  40,  are: 

1.  Advanced  composite  plate  skins 

2.  Advanced  composite  sine  wave  spar  or  rib  webs 

3.  Honeycomb  panel  covers  with  advance  1 composite  face  sheets 

4.  Honeycomb  panel  webs  with  advanced  composite  face  sheets 


It  can  been  seen  that  skins  will  buckle  in  a plate  mode,  while  spars  will 
buckle  in  a column  mode.  The  equations  for  each  of  these  modes  involve  some 
of  the  following  plate  bending  rigidities.  For  advanced  composites  skins: 


a ii 
11  12 


22  12 
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12  12 


°66  ■ GLT^n>  * «l  * «2  ' 2<V  2 


D12  * D12  * 2D66 


For  advanced  composite  circular  corrugated  webs,  120-degree  corrugation, 
as  shown: 

I I a - 60*  / 
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xy  yx 


r R t 3a  . . _ 
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1.21 

(89) 

For  honeycomb  panels  with  advanced  composite  face  sheets: 
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The  shear  buckling  loads  for  both  plates  and  wide  columns  are  predicted 
by  the  following  equations.  For  0 £ 1: 


4K  n . 

N = — y (D  D*  y'L  (0.9380^  + 0.5820  + 11.7) 
xycr  ^ / z l i z 


(91) 


For  0 21: 


4K  ? r nc 

N “ ^ (D..D„  ) (8-125  ♦ -^) 
xycr  ^2  11  22  0 


(92) 
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Where 
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(D11D22> 


12 


1/2 


and 


Kv  - 1 for  advanced  composite  plates 


Where 


1 - b3z 


v 1 - B3Z  - 4BXZ 


for  honeycomb  panels 
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The  compressive  buckling  loads  are  predicted  by  the  following  equations. 
For  advanced  composite  plates: 


N 


xcr 


xIW'2  • •..] 


(94) 


For  advanced  composite  wide  columns: 


N - —D.. 
xcr  ^2  11 


(95) 


For  honeycomb  panel  plates: 


Where 
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k2  (DUD22) 
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(96) 


A - 1 - 2B2  + B3[B1(2C1vxy)]  ♦ 2B3  -j-g- 


B_  = 2B_  ♦ v B. 
2 3 xy  1 


Nb 


Z,  Bj,  B , and  u are  as  defined  previously 
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Ci  is  the  aspect  ratio  of  the  plate  divided  by  the  mode.  Ky  must  be  minimized 
with  respect  to  C^. 

For  honeycomb  panel  wide  columns: 


Stringer  Columns.  Covers  for  the  multirib  designs  can  be  analyzed  for 
one  of  four  types  o£  integral  stiffener  configurations  - "I",  "Z",  "T",  or 
hat.  These  stringers  are  assured  to  be  made  up  of  integer  number  of 
0-degree  plies  only.  Stringer  sections  are  sized  first  for  strength  require- 
ments, then  for  local  stability  of  flanges  and  webs,  and  finally  for  colmm 
stability  requirements.  Local  stability  requirements  for  stringers  are 
expressed  in  terms  of  (b/t)  required  from  Equations  98  and  99;  for  the 
applied  stresses  on  the  stringer,  from  Equation  100. 

For  outstanding  flanges: 


(b/t)  reqd 


■ F*f 


For  webs: 


(b/t)  reqd 
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Q2)1/Z  + Q3  + 2GLT 


(98) 


(99) 
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Where 


1.0  and  2.0,  respectively: 

(100) 

Pstr  ■ Applied  load 
Astr  * Stringer  area 


and  K,,  are  buckling  constants. 


fc 


Applied  stress  = 


str 

'str 


The  stringer  load  is  determined  from  the  strain  compatibility  relation- 
ship between  the  skin  and  stringer  elements  (Equations  101,  102  and  103).  The 
skin  element  of  the  column  section  is  made  up  of  1,  m,  and  n plies,  each 
combination  resulting  in  different  elastic  properties  (Equation  104) . The 
stringer  element,  however,  consists  only  of  1-plies,  so  its  modulus  of 
elasticity  is  Qj.  The  distribution  of  cover  load  between  the  elements  is  com- 
puted for  any  instance  where  ply  makeup  of  the  skin  or  stringer  is  changed. 

Also,  since  the  elastic  properties  of  the  skin  is  dependent  on  m-ply  sets, 
skin  stability  is  always  checked  to  insure  proper  proportions  of  skin  plies. 
L-ply  fiber  stresses  for  both  skins  and  stringers  are  checked  for  compression 
and  tension  strength*  since  any  change  in  load  distribution  may  result  in 
load  magnitudes  exceeding  the  ultimate  allowables  for  one  element.  In  the 
programmed  logic,  stringer  area  is  varied  until  both  the  skin  and  stringer 
are  within  ultimate  strength  allowables  and  the  skin  is  stable  for  combined 
compression  and  shear  loading. 


Load  distributions  are  computed  for  an  assumed  skin  laminate  consisting 


of  1,  m,  and  n plies  and  known  stringer  area,  Agtr,  and  spacing  b 


equal  strains, 
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For 


EskJ 


str 


'Astr  Estr> 


(101) 


Where 


and  Pgtr  are  the  skin  and  stringer  loads,  and 


+ p * P = N • b 
str  x 

= Skin  area  = 2t 


str 

^ (1  + 2m  ♦ n) 
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E ^ ■ Elastic  modulus  of  skin  laminate 


Qi 


(102) 

(103) 


The  elastic  modulus  of  the  skin  in  the  xy-plane,  E ^ is  derived  as  follows: 

2 1 

(104) 
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sk 

The  allowable  (b/t)  for  flange  and  webs,  along  with  physical  constraints 
on  minimum  and  maximum  dimensions  and  minimum  number  of  stringer  1-plies, 
are  used  to  proportion  the  total  developed  1-ply  length  implied  in  the  Agtr 
value  into  a stringer  section.  This  results  in  stringer  geometry  dimensions 
for  bf,  and  tst?>,  satisfying  requirements  for  (P/A) , (b/t),  and  tm^n 
gage.  With  these  dimensions,  the  sectional  inertia  properties  of  the  stringer 
can  be  computed  and  final  determination  made  for  the  allowable  column  length, 
Lrib.  of  the  skin/stringer  column.  * 
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t:  7r  ~u 
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(105) 


where 


col 


col 


Column  fixity  factor 

Section  stiffness  parameter  defined  as  follows 

^str  ^1  tsk^  Esk  — — 2 

-?H.  i + J* + t 0 (y  - y ) 

b „ 12  Str  41  °str  V 
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Where 


y 


str 


Distance  between  stringer  section  centroid  and  inner  surface 
of  skin 


y 


P 


Distance  between  total  lord  centroid  point  and  skin  load  plane 
as  derived  as  follows: 


tstr  Q1  (ystr  + W2* 
(tstr  Q1  + tsk  Esk) 


(107) 


Stringer  columns  with  allowable  lengths  less  than  the  minimum  required  rib 
spacing  are  not  accepted.  These  sections  are  revised  by  additions  of  integer 
numbers  of  stringer  1 -plies.  These  additional  stringer  areas  increase  the 
section  equivalent  El  and  reduce  the  average  applied  load  intensities. 

Full -depth  Honeycomb  Sandwich.  Full -depth  honeycomb  sandwich  face  sheets  are 
sized  initially  for  strength  requirements  - £-plies  for  tension  and  compres- 
sion loads,  and  m-ply  sets  for  shear  loads.  The  skin-core  combination  is  then 
checked  for  core  wrinkling  and  crushing  using  Equations  104  and  105. 

Core  wrinkling: 
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where 


E'  * Core  elastic' modulus 
c 


G * Core  shear  modulus 
c 


Eg  * Skin  elastic  modulus  derived  as  Eg 


‘E11E22> 
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Core  crushing: 
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Pcr  = Crushing  load  on  core 
P ' * Core  density 

P£  = Core  foil  density 


F = Congress  ion  yield  stress  of  the  core  foil 

The  crushing  load  P is  computed  using  Equation  110, 

cr 
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The  programmed  synthesis  logic  in  subroutine  ACWFEH  and  CKSFEH  includes 
three  options  for  determining  design  requirements  of  full-depth  honeycomb 
sandwich  torque  boxes.  These  include: 

1.  Sizing  skin  requirements  so  that  the  sandwich  structure  will  be 
stable  for  specified  core  type  and  densities 

2.  Sizing  skin  laminates  to  strength  requirements  and  determining 
required  core  densities  to  satisfy  stability  requirements 

3.  Sizing  for  optimum  skin/core  combinations  to  satisfy  strength  and 
stability  requirements 

In  cases  1 and  3,  skin  stiffness  increases  are  made  by  additions  of 
m-ply  sets  only.  When  core  densities  are  varied  during  optimization,  the 
input  core  density  is  treated  as  the  minimum.  When  densities  are  changed, 
E'c  and  G'c  values  are  computed  using  Equations  111  through  113. 

.415 

E 

c 


1.54 

G 

c 


G c = 0,40  (pjr)  ^ uisj 

Ec  = Core  foil  modulus  of  elasticity 
Gc  = Core  foil  shear  modulus 

Temperature -dependent  properties  of  the  core  are  based  on  foil  material 
properties  which  are  confuted  for  each  design  condition.  At-teq,erature 
values  for  Ec,  Gc,  and  Fey  are  derived  from  temperature  variation  data  for  the 
foil  material,  using  the  same  methods  described  for  lamina  properties. 


(Ill) 


(112) 
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General  Procedures 


At  each  of  the  11  structural  analysis  stations,  torque-box  material 
requirements  are  synthesized  for  the  five  major  elements  - upper  cover; 
lower  cover;  front  spar;  rear  spar;  and  intermediate  spars,  ribs,  or  honey- 
comb core  (Figure  41).  The  covers  and  spar  caps  are  sized  to  reach  the 
spanwise  bending  moment,  M^.  Spar  webs  are  designed  to  resist  the 
vertical  shear  load,  V^.  The  torsional  Moment,  M^,  is  resolved  into  web 
shear  loads  resisted  by  the  upper  skin;  lower  skin;  front  spar  web,  and 
rear  spar  web. 

In  general,  the  synthesis  procedures  are  similar  to  that  used  for 
metallic  designs.  The  following  list  sumnarizes  the  major  differences 
between  them  which  are  prirAarily  due  to  assumptions  made  for  analysis  of 
advanced  composite  structures: 

1.  Only  longitudinal  fibers  (0-degree  plies)  resist  axial  loads,  and 
cross  fibers  (±45 -degree  plies)  resist  shear  loads. 

2.  All  plies  contribute  to  laminate  panel  stability. 

3.  Skin  material  requirements  are  analyzed  for  axial  loads  and  panel 
stability  requirements  due  to  combined  effects  of  inplane  axial 
and  shear  loads. 

4.  Skin  and  spar  webs  are  designed  to  resist  torque  shear  loads. 
Intermediate  spar  webs  are  assumed  to  react  part  of  the  vertical 
shear  loads. 

5.  Laminates  are  synthesized  with  integer  number  of  lamina.  Minimum 
plate  thicknesses  are  based  on  requirements  for  a balanced  symmetric 
system,  eight  lamina  layers  consisting  of  two  each  of  0-,  +45-, 

-45-,  and  90 -degree  plies.  Thickness  increases  are  made  by 
additions  of  two  0-  or  90-degree  plies,  or  two  each  of 
±45-degree  plies  only,  or  combinations  of  all.  For  honeycomb 
panels,  laminate  plies  are  assumed  to  be  equally  divided  between 
the  inner  and  outer  face  sheets. 

6.  Addition  of  +45 -degree  plies  only  are  made  to  increase  stiffness 
levels  of  panels  with  inadequate  stability  stress  allowables. 

7.  Addition  of  ±45-degree  plies  only  are  made  to  torque-box  webs  to 
increase  section  stiffness  to  levels  required  to  satisfy  torsional 
stiffness  requirements. 
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Figure  41.  Torque-box  cross  section. 


344 


8.  Different  stringer  concepts  can  be  specified  for  the  upper  and  lower 
covers.  However,  the  spacings  or  number  of  elements  in  each  cover 
will  remain  the  same. 

9.  Stringer  areas  consist  of  0-degree  longitudinal  plies  only.  The 
synthesis  procedures  for  determining  allowable  stresses  and  cover 
material  distributions  are  programned  to  include  evaluation  of 
load  distribution  between  skin  and  stringer  elements,  based  on 
strain  compatibility  relationships. 

10.  Spar/rib  web  synthesis  includes  analysis  for  honeycomb  panel 
designs,  as  well  as  corrugated  web  designs. 

11.  The  covers  are  assumed  to  be  mechanically  attached  to  ribs  and 
spars.  Cover  lamina  are  assumed  to  be  rearranged  locally  along 
attachment  lines  to  include  filler  material,  replacing  relocated 
0*degree  lamina,  for  attachment  hole  drilling. 

12.  Lightning  protection  material  (aluminum  flame  spray)  is  assumed  for 
all  exterior  surfaces.  Provisions  are  made  for  application  of 
sealer  films  to  all  interior  surfaces. 


Up  to  20  sets  of  design  loads  can  be  evaluated.  Strength  and  stability 
requirements  are  determined  for  the  critical  applied  loads  based  on 
allowable  stresses  derived  from  at -temperature  material  properties.  The 
critical  design  condition  for  strength  is  identified  by  the  design  condition 
number,  l through  20,  for  each  of  the  five  elements.  If  the  structure  is 
subsequently  resized  to  stability  requirements,  that  design  condition  is 
also  identified  by  code,  the  value  computed  as  the  condition  number  plus  20. 

Bending  loads  are  resolved  into  axial  compression  ;ind  tension  load 
intensities,  Nx,  for  cover  design.  In  addition,  shear  loads,  >J- xy,  are 
computed  for  skin  design  using  Equation  114. 


Vi 

2 A. 
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(114) 


Initially,  integer  number  of  Jl-plies  are  computed  for  each  cover  from 
the  Nx  values  and  ultimate  allowable  compression  or  tension  stresses.  NXy 
and  shear  allowable  stresses  are  used  to  conpute  the  number  of  m-ply  sets 
required  for  strength.  All  loading  conditions  are  processed  to  determine 
the  minimum  number  of  plies.  The  number  of  n-plies  are  then  computed 


(Equation  73).  The  cover  skin  panels  are  then  checked  for  panel  stability 
under  application  of  the  compression  and  shear  loads  for  each  design 
condition: 
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If  the  sum  of  the  ratios,  R,  is  greater  than  1,  the  panel  is  unstable. 
To  correct  this  situation,  one  m-ply  set  is  added  to  the  panel  and  rechecked. 
This  procedure  is  repeated  until  the  panel  becomes  stable  for  all  design 
conditions.  Number  of  n -plies  are  always  computed  after  addition  of 
m-ply  sets. 


Spar  web  shear  loadings  are  determined  with  Equations  116,  117,  and  118. 
Intermediate  spars,  as  required: 


(116) 


(117) 


346 


Rear  Spar. 


(118) 


Where 


N 

spar^  ■ Number  of  intermediate  spars  + 2 

Cpg  and  Cpg  = Front  and  rear  spar  shear  load  magnification  constants 
i 1 involving  two  items;  an  input  set  of  11  constants  for 

each  spar,  and  a shear  load  reaction  factor  based  on 
location  of  load  reference  line  relative  to  spars 


These  shear  loads  are  used  to  determine  the  initial  number  of  m-ply  sets  in 
each  web.  L-plies  are  based  on  spar  crushing  loads  determined  from  cover 
stiffness,  load  intensities,  and  local  geometry  parameters  (Equation  119). 


2 N b. 

Xi  1 

t.  E D! 

1 c.  1 


(119) 


Where 

2tL 

Ec  ■ t (tQi  * 2mt)4  * n<v 
i i 

t^  * 2tL‘  (£  + 2m  + n) 

b * Spar  spacing 
D'  = Web  depth 
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The  stability  of  each  web  under  the  combined  effects  of  applied  Nxy  and  !'cr 
loads  are  checked.  If  required,  m-ply  sets  are  added  to  stabilize  the 
structure . 

Intermediate  rib  webs  are  designed  for  strength  and  stability  require- 
ments due  to  crushing  loads  only.  Equation  120  is  used  to  compute  crushing 
loads  on  ribs. 


P = 
cr 


N2  L 
x rib 
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Where 


L ..  * Rib  spacing 


Skin  thickness 


Equivalent  stringer  thickness, 


= Skin  elastic  modulus 


The  nunber  of  m-ply  sets  is  assumed  to  be  one  before  stability  checks 
are  made.  The  rib  is  then  checked  for  rigidity  as  supports  for  the  cover 
stringer  column  under  conpression  loads.  The  required  web  stiffness  is 
expressed  in  terms  of  El  required  for  the  web  from  Equation  121.  This 
requirement  is  assumed  to  be  at  the  midpoint  of  the  rib  about  an  axis  normal 
to  the  plane  of  the  rib.  Thus,  in  computing  available  stiffness,  the  l and  n 
plies  are  interchanged  in  Equation  122.  Also,  the  available  rib  inertia,  1^, 
include  effects  of  1 -inch -wide  upper  and  lower  caps: 
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Where 


Wi  “ Torque -box  width 
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If  the  available  rib  El  is  insufficient  to  satisfy  Equation  121,  m-ply 
sets  only  are  added  to  the  web. 

Multispar  Analysis 

A single-level  optimization  search  procedure  is  used  for  the  synthesis  of 
multispar  torque  boxes.  The  total  torque-box  weight  is  optimized  with  respect 
to  the  number  of  cover  support  elements  - intermediate  spar  webs.  The  search 
parameter  is  dependent  upon  the  option  selected,  i.e.,  constant  number  of 
elements,  NOS,  or  constant  spacings  of  webs,  bs,  from  root  to  tip.  The  search 
loop  is  designed  to  select  the  single  value  of  NOS  or  bs  that  will  produce  the 
minimum  torque-box  weight.  Search  parameter  value  checks  are  made  so  that 
NOS  and  bs  are  constrained  between  minimum  and  maximum  values.  These  limit 
values,  which  can  be  controlled  by  the  user,  insure  that  resulting  sizings 
will  reflect  practical  producible  designs.  Subroutine  AOVMS  is  used  for 
optimization  control  and  required  analysis  of  multispar  designs. 

Design  values  for  intermediate  spar  spacings  or  number  of  elements  at  each 
station  is  specified  during  each  analysis  pass  by  the  control  routine.  This 
determines  the  unique  cover  plate  dimensions  between  supports,  bs,  that  are 
different  in  each  analysis  pass.  Cover  and  web  loads  are  computed  based  on 
this  value.  Each  major  torque-box  element  is  then  sized  to  strength  and 
stability  requirements.  Plate  width  for  cover  stability  evaluated  is  based 
on  bs.  Local  depths,  adjusted  for  cover  plates  and  cap  thickness  allowances 
are  used  for  the  height  dimension  in  the  web  stability  analysis. 

Total  torque-box  is  initially  sized  for  strength  and  stability  under  the 
imposed  design  loads.  Total  weight  computed  at  each  station  consists  of  the 
five  major  elements,  upper  cover,  lower  cover,  intermediate  spar  caps  and 
webs,  front  spar  caps  and  web,  and  the  rear  spar  caps  and  web.  Miscellaneous 
items  are  also  included  in  the  weight  computations,  particularly  the  items 
that  are  dependent  upon  the  number  of  spar  web  elements.  These  include  the 
mechanical  attachment  provisions  at  cover-spar  joints,  spar  web  protect  ive 
finish,  and  honeycomb  core  .and  bond  weights  for  honeycomb  panel  spar  designs. 
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Torque-box  weight  per  inch  computations  are  made  by  subroutine  WlilGHl. 
These  are  used  by  ACWMS  to  compute  weights  for  the  10  torque-box  panels.  The 
sum  of  these  panel  weights  is  used  during  the  testing  procedures  for  selection 
of  the  optimum  design. 

Subroutine  WEIGH1  also  computes  weight  for  full-depth  honeycomb  sandwich 
designs.  ACWMS  acts  as  the  control  routine  for  this  type  of  analysis.  In  the 
programmed  logic,  ACIMS  uses  full-depth  honeycomb  sandwich  analysis  sub- 
routines ACWFDH  and  CKSFDH  to  compute  cover  and  core  requirements  only.  Front 
and  rear  spar  analysis  is  common  to  both  design  types. 

Torsional  stiffness  computations  are  made  and  flutter  stiffness  checks 
and  resizings  made  as  required  after  the  optimum  design  is  selected.  Detail 
information  at  each  station  pertinent  to  the  selected  design  are  processed  and 
saved  by  the  computing  routines.  The  design  information  is  further  processed 
by  subroutine  ACNSTR  and  stored  in  appropriate  storage  cells  so  that  final 
estimated  weights  can  be  computed  by  the  same  weight  analysis  subroutines 
written  for  the  metallic  analysis,  namely  WTCAb,  WTPIN,  BHDJT,  RTRIB,  and 
CSECW.  The  design  information  is  also  processed  by  AQJSTR  for  output  print 
by  subroutines  PRTB,  PRTC,  and  ACPRTA. 

Construction  options  which  may  be  selected  for  multi  spar  designs  include 
plate  and  honeycomb  panels  for  the  cover  and  support  webs.  The  selected 
option  for  cover  design  is  used  for  both  upper  and  lower  covers.  If  honey- 
comb panel  design  is  selected,  the  panel  core  thickness  fer  both  covers  must 
be  specified. 

Construction  design  for  each  of  the  three  web  types  is  specified 
individually.  Plate  design  implies  corrugated  sine-wave  configuration.  The 
corrugation  radius  for  each  web  type  may  bo  controlled  by  the  user  by 
specifying  minimum  and  maximum  values.  If  honeycomb  panel  is  selected,  the 
panel  core  thickness  must  be  specified  for  each  web  type. 

In  all  honeycomb  panel  designs,  the  specified  core  thickness  is  used 
at  each  analysis  station.  Core  and  bond  densities  are  also  assumed  to  be 
constant  at  each  station  and  for  all  five  elements. 
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Multirib  Analysis 

The  multirib  optimization  procedure  requires  two  major  search  levels. 

The  first  level  consists  of  optimization  of  a number  of  stringer  elements 
in  the  compression  cover,  similar  to  the  number  of  spar  element  search  in 
multispar  analysis.  The  second  level  consists  of  determination  of  the  best 
combination  of  1-plies  in  the  skin  panels  that  will  result  in  minimum  cover 
and  support  weight  at  each  analysis  station.  Overall  control  for  the  analysis 
is  centered  in  subroutine  AGVRBS.  Logic  for  the  first-level  search  and 
station  analysis  control  is  programmed  in  this  subroutine.  The  second-level 
search  control  is  programed  in  subroutine  ACWSTR.  Special  analysis  sub- 
routines ACMRSK  and  ACSTRG  are  used  to  provide  required  data  to  ACWSTR. 

These  subroutines  are  used  during  secondary  search  computations  nested  within 
the  overall  skin  1-ply  search  logic.  Figures  42,  43,  and  44  show  the  logic 
and  computation  flow  for  the  multirib  analysis. 

The  rationale  for  the  logic  programmed  in  subroutine  ACWSTR  (Figure  43) 
is  that,  for  each  assumed  nunber  of  1-plies  in  the  skin,  there  is  one  skin 
m-ply  plus  stringer  area  set  that  will  satisfy  all  conditions  of  strength 
and  stability  for  the  skin,  stringer  and  skin/stringer  column  resulting  in 
a minimum  total  volume  required  for  cover  and  supporting  ribs.  The  compat- 
ibility equations  for  all  the  conditions  do  not  allow  for  direct  solutions; 
rather,  a numerical  search  procedure  is  programned  in  subroutines  ACWSTR, 
ACMRSK,  and  ACSTRG,  all  based  on  the  initial  assumption  that  only  integer 
number  of  filament  plies  will  be  considered  in  the  sizing  compulations. 

The  ACWSTR  computut ions  for  stringer  area  are  all  made  for  a given  skin 
1-ply  valve.  Stringer  area  is  sized  first  for  ultimate  stress  conditions. 

This  search  requires  the  determination  of  that  stringer  area  that  will  result 
in  maximum  applied  tension  or  compression  stress  on  the  skin  or  stringer 
clement  that  is  equal  to  or  below  the  allowable  ultimate  stresses.  The 
element  load /skin  stability  computations  programmed  in  subroutine  ACMRSK 
provides  the  necessary  data  for  this  search.  For  each  assumed  stringer  area, 
subroutine  ACMRSK  determines  skin  m-  and  n-ply  requirements  as  well  as  the 
skin  and  stringer  loads  Psk  and  Pstr.  The  numerical  search  procedure  is 
used  here  since  the  load  distribution  and  stability  equations  are  implicitly 
related.  Also,  the  requirement  of  evaluating  up  to  20  Nx  and  Nxy  load  sets 
(the  Nx  loads  being  either  compression  (+)  or  tension  f-))  adds  to  the 
complexity  of  the  solution.  The  loads  1’^  and  Pstr  plus  the  number  and 
widths  of  1-plies  in  the  stringer  allow  for  computations  of  the  applied  stress 
levels.  These  values  are  checked  by  subroutine  ACWSTR  to  determine  acceptable 
stringer  areas. 

Subroutine  ACWSTR  then  determines  if  the  stringer  section  can  be 
proportioned  into  acceptable  geometries  to  conform  to  the  type  of  stringer 
specified  for  the  cover  and  the  crippling  requirement  dictated  by  the 
minimum  (b/t).  Subroutine  ACSTRG  performs  the  necessary  test  and 
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Process  Input  controls  for  search 
type  - no.  of  stringers,  N0S,  or 
spacing,  b .Setup  required  data  for 
station  anifysis  and  for  selection  tests. 


N0$£  or  b 


Analysis  station  control  j » 1 , 11 


Section  J loads,  Nxj,  NxyJ . 

Strength  (1,  m,  n)  set  for  covers,  webs. 


Synthesize  upper  cover,  lower  cover  and 
ribs.  Subrogtine  ACWSTR 


Synthesize  front  and  rear 
spar  webs. 


Section  weight/inch. 
Subroutine  WEIGH2. 


Next 

station 


Calculate  weight  for  panel  k.  Sum 
panel  weights,  k » 1 , 10. 


Next  N0S  or  b^  Weight  trend  check. 
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Optimum  N0S  or  bstr  selected  Calculate 
stiffness  Subroutine  ASTIFF 


Figure  42.  Logic  and  computational  flow  diagram  for  total  multirib 
torque-box  optimization,  subroutine  ACWRBS. 
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Figure  43.  Logic  and  computational  flow  diagram  for 
synthesis  of  stringer  stiffened  covers,  subroutine  ACWSTR. 


353 


354 


proportioning  operations.  Unacceptable  sections  are  identified  by  code. 
Acceptable  sections  are  optimized  to  develop  maximum  stringer  area  moment  of 
inertia  by  maximizing  stringer  heights.  Stringer  section  properties  are 
computed  by  ACSTRG  to  be  used  by  ACWSTR  in  the  skin/stringer  column  rib 
spacing  search  operations. 

Stringer  types  are  identified  by  code  word  associated  with  specific 
shapes  (Figure  45).  The  number  of  webs  and  flanges,  and  Nf,  for  each 
shape  are  used  in  the  general  equations  used  to  compute  areas,  developed 
length  for  stringer  1-plies, and/or  stringer  gages,  tstr. 

The  stringer  centroid,  y,  is  referenced  to  the  inner  mold  line  of  the 
skin,  and  section  inertia,  IQ,  is  conputed  about  the  centroid  using  standard 
equations  for  these  properties. 
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Figure  45.  Stringer  types  for  multirib  torque-box  covers. 


The  ACWSTR  logic  is  programmed  to  synthesize  the  tension  cover  after 
the  compression  cover  configuration  and  rib  spacing  have  been  determined. 

The  tension  cover  synthesis  pass  uses  the  same  logic  programmed  for  the 
compression  cover.  Cover  status  code  word  is  used  to  identify  which  cover 
is  being  analyzed  so  that  results  are  stored  in  appropriate  storage  locations. 

The  logic  and  subsequent  computations  made  by  ACWRBS  is  the  same  as 
programmed  in  subroutine  ACWMS.  Torsional  stiffnesses  are  computed  and 
computed  design  information  is  processed  by  subroutine  ACNSTR  into  the 
appropriate  format  for  final  processing  into  estimated  weights. 
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Bending  and  Torsional  Stiffness 


Torque-box  stiffness  at  each  station  is  estimated  based  on  procedures 
similar  to  those  used  in  the  metallic  analysis.  For  output  evaluation  of 
stiffnesses,  a reference  design  temperature  is  specified  so  that  computed 
El  and  GJ  at  all  stations  are  compatible.  Three  additional  stiffness 
computations  are  made  as  required.  These  are  made  at  analysis  temperatures 
specified  for  flutter  design  and  at  the  design  points  for  flexible  loads 
and  flutter  optimization  analysis. 

In  all  cases,  El’s  and  GJ's  are  computed  for  the  final  lamina  sets 
resulting,  first,  from  strength  and  stability  sizings  and,  second,  from  the 
results  of  the  flutter  stiffness  analysis.  The  torque-box  elements 
considered  in  the  stiffness  computations  are  listed  in  Table  15.  The 
applicable  elastic  modulus  for  each  element  is  noted. 


TABLE  15.  TORQUE-BOX  ELEMENTS,  SECTION  STIFFNESS  CALCULATIONS 


Torque-Box  Element 

Bending  Stiffness 

Torsional 

Stiffners 

GJ 

El 

E 

Upper  cover  skins 

/ 

a 

/ 

Ixiwer  cover  skins 

/ 

b 

/ 

Intermediate  Spar  caps,  multispar 

/ 

a,b 

- 

Stringers,  multirib 

/ 

c 

- 

Cover  overhang  at  spars,  upper 

/ 

a 

- 

Cover  overhang  at  spars,  lower 

✓ 

b 

- 

Front  and  rear  spar  caps,  upper 

/ 

a 

- 

Front  and  rear  spar  caps,  lower 

/ 

b 

- 

Front  spar  web 

- 

“ 

/ 

Rear  spar  web 

/ 

Equations  for  E: 


L 

a.  — f£Q1  + 2mQ4  + nQ^)  upper 
2*l 

b.  — (IQj  + 2mQ4  + nQ2)  lower 


The  section  stiffness  is  derived  as  the  sum  of  the  stiffness  contribu- 
tion of  each  element  (Equation  124,  or  125.  The  effective  moduli  E and  G 
are  determined  separately  for  each  element  from  Equations  75  and  76  based  on 
the  final  values  of  1,  m,  and  n.  Equivalent  composite  E'  and  G'  values  are 
computed  by  dividing  the  calculated  El  and  GJ  values  by  the  sum  of  the  I's 
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and  J's  for  the  section  (Equations 
as  output  along  with  the  stiffness 
information. 

126  and  127).  These  values  are  printed 
values  to  be  used  as  order  of  magnitude 
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For  strength-designed  sections  that  must  be  resized  to  meet  flutter 
stiffness  requirements,  integer  number  of  m-ply  sets  are  added  to  the  four- 
webs  contributing  to  the  section  torsional  stiffness.  Added  m-plv  sets  are 
made  to  the  thinnest  web  first  until  the  thickness  of  this  web  is  equal  to 
the  next  thinnest  web  or  the  required  stiffness  level  is  met.  Additional 
plies  are  added  in  an  ordered  manner  so  that,  in  the  extreme  case,  the  four 
webs  will  consist  of  ply  sets  producing  equal  thickness  webs.  The  1-  and 
n-ply  values  are  not  adjusted. 

i 

Section  stiffness  computations  are  made  under  control  of  subroutine 
ASTIFF.  This  subroutine  is  designed  to  process  synthesis  information  for 
all  three  major  construction  types  - multispar,  multirib,  and  full-depth 
honeycomb  sandwich. 

PIVOT  STRUCTURE  SYNTHESIS 

A first-level  wing  pivot  structure  synthesis  routine  has  been  programmed 
as  a subroutine  of  the  weight,  estimating  program.  The  pivot  system  analysis 
is  restricted  to  the  vertical  pin  type,  utilizing  a straight  Teflon-lined 
bearing.  The  program  is  designed  so  that  the  basic  pivot  weight  estimate  is 
optimum  for  the  particular  set  of  design  data  specifications.  The  necessary 
external  data  required  include  the  spanwise  and  chordwisc  location  of  the 
pivot,  and  material.  The  synthesis  results  will  include  weight  estimates 
for  the  movable  and  fixed  lug  structures  as  well  as  the  pin,  bearing,  and 
lug  support  structures.  Design  data  for  the  pivot  such  as  lug  widths,  pin 
diameters,  bearing  depths,  and  design  loads  will  be  available  from  the  results 
of  the  analysis. 
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WEIGHT  ANALYSIS 


Weight  analysis  of  lifting  surfaces  is  made  by  various  functional 
routines  of  this  module.  Weights  for  structural  conponents  are  evaluated 
in  detail  to  provide  estimates  for  9103-D  group  weight  items,  detail 
torque-box  elements,  and  mass  properties  distributions.  Design  and  descrip- 
tive data  from  the  input  data  sets,  structural  synthesis  routines,  and  design 
data  routines  are  all  used  for  mass  properties  evaluation,  which  are  designed 
to: 

1.  Compute  weights  of  structural  elements  of  the  main  bending  box 
from  design  data  developed  by  the  synthesis  routines,  and  com- 
pute pivot  and  center-section  weights,  as  required. 

2.  Compute  component  weights  for  leading  edge,  trailing  edge,  and 
secondary  structures  from  geometric,  statistical,  and  vehicle 
design  parameters. 

3.  Determine  total  structural  weights  and  mass  properties  distributions 
for  final  output  or  for  the  next  iteration  so  that  calculated 
structural  weight  data  will  be  available  for  net  loads  analysis. 


TORQUE -BOX  WEIGHT  ANALYSIS 

Final  estimated  weights  for  the  torque  box  are  derived  (1)  by 
application  of  weight  indexing  coefficients  to  each  of  the  box  elements 
synthesized  and  (2)  by  estimating  weights  for  any  required  structures  at 
local  stations  along  the  span,  such  as  chordwise  splices,  bulkheads,  etc. 
Table  16  includes  a set  of  program  index  factors  for  the  torque-box  elements 
of  a wing  design.  These  factors  applied  to  the  synthesized  structures  result 
in  a 13.6-percent  increase  in  weight.  This  nominal  increase  in  synthesized 
weight  results  from  lower  program  index  factors  used  during  point  design 
studies,  since  many  design  constraints  are  known,  and  program  design  data 
such  as  geometries,  loads,  stiffness  requirements,  etc,  can  be  controlled 
and  preliminary  information  from  the  various  engineering  groups  can  be  used 
instead  of  program-generated  data.  The  individual  factors  will  be  larger  for 
conceptual  phase  solutions,  because  many  design  data  will  not  be  available 
and  program  synthesis  operations  cannot  be  expected  to  produce  all  required 
structures  of  an  unknown  design.  Under  these  conditions,  the  average  single 
weight  factors  wili  be  between  25  to  45  percent.  This  range  will  be 
influenced  by  individual  coefficient  and  sizing  changes  due  to  construction, 
material,  and  detail  design  differences. 
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TABLE  16.  SAMPLE  WING  TORQUE -BOX  PROGRAM  CALIBRATION 
AND  WEIGHT  INDEX  COEFFICIENTS 


Torque  Box  Components  and  Elements 

Torque  Box 

Intermediate  Panel 
Multisp^r 

Center -Section 
Stringer -Rib 

Torque  Box 

1.0050 

1.0000 

Upper  cover 

(1.0675) 

(1.0925) 

Skins 

1.0300 

1.1172 

Stringer/spar  caps 

1.2140 

0.8631 

Lower  cover 

(1.0725 

(1.0725) 

Skins 

1.0450 

1.0637 

Stringer/spar  caps 

1.2078 

0.9405 

Misc  skins 

(1.2350) 

(1.2350) 

Misc  attachments 

(1.0750) 

(1.0750) 

Intermediate  ribs/spar  webs 

(1.1250 

(1.1385) 

Basic  webs 

1.0500 

1.0242 

Misc 

1.0750 

1.0970 

Front  spar 

(1.1355) 

(1.0400) 

Caps 

1.1450 

1.0400 

Webs 

1.1450 

1.0000 

Rear  spar 

(1.13 i0) 

(1.0400) 

Caps 

1.1940 

1.0970 

Webs 

1.0970 

1.0000 

Root  rib/CL  rib 

(1.1450) 

(1.0450)** 

Caps 

0.3330 

0.5000 

Webs 

1.1405 

1.5500 

Torque  box  average  single 
factor  weight  index 
coefficient 

1.1364* 

1.1090* 

- f Actual  box  wt  1 
L Estimated  box  wt  J 

**One  rib/air  vehicle  I 
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The  individual  element  indexing  approach  is  used  so  that  weight 
increments  can  be  assessed  to  individual  elements  for  discrete  functions  and 
reasons.  In  this  way,  load,  geometry,  and/or  design- related  increments  not 
considered  in  the  analysis  can  be  isolated  and  accounted  for  when  unique 
design  requirements  must  be  considered.  In  general,  the  weight  index  factors 
are  determined  externally  by  program  calibration  runs.  These  factors  must 
be  considered  first  as  analysis  calibration  factors  and,  second,  as  incremen- 
tal weight  factors  to  be  used  to  assess  unique  conditions  and  design  param- 
eters not  considered  in  the  analysis  or  indexing  operations. 

The  final  torque  box  weight  estimate  will  include  detail  weights  for 
each  element.  These  weights  are  determined  by  the  average  end  area  method 
of  volumetric  calculation: 

AY. 

"element.  2 ["^element.  ^element.  ,1  (128) 

J L i l-lj 

Where 

"element  = t^ie  element  weight  for  panel  j 
e ementj 

dYj  * the  station  interval  for  panel  j 

p = the  material  density 

A 

element^  = the  total  element  cross  section  at  the  panel  stations 

The  element  area  at  each  station  is  derived  from  the  synthesized  equiva- 
lent gage,  the  section  width,  and  the  element  index  factor: 

^element  ^ Width  ^ ^element  X Element  (129) 

In  all  cases,  the  element  index  fact  or  is  not  applied  to  minimum  gage  material 
or  to  skin  and  web  gage  increments  required  to  increase  section  stiffness  for 
flutter. 

The  program  also  includes  major  component  factors  for  the  torque  box, 
pivot,  center  section,  leading  edge  structures,  trailing  edge  structures, 
secondary  structures,  and  one  for  the  total  surface  weight  to  allow  single- 
factor indexing  operation. 


I 

\ 

I 

I 

* 
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Since  structural  sizes  are  synthesized  at  11  stations  along  the 
structural  chord,  local  torque  box  weights  per  inch  and  station- to-stat ion 
panel  weights  can  be  estimated.  These  derived  mass  distribution  data  art 
used  for  (1)  mass  properties  evaluation  of  the  torque  box  estimates  and 
(2)  to  provide  detail  distribution  data  for  comparisons  of  materials  and 
constructions,  or  to  determine  location  and  weight  increments  due  to  flutter 
stiffness  penalties  or  changes  in  general  wing  geometry  and  design  parameters. 

The  cover  weight  at  each  structural  station  includes  spar  overhang 
material.  A structural  width  correction  factor  is  applied  to  both  upper-  and 
lower-cover  skin  weights  based  on  the  effective  width  derived  from  Equation 
20.  K^,  the  weight  correction  factor,  is: 


W 

v eff 

Kwt  ■ — 


(130) 


Cover  stringer  and  intermediate  spar  weights  are  corrected  with  the  factor 
derived  from  Equation  130.  This  accounts  for  the  number-of-elements  to 
number -of -spacings  inequality  that  results  from  the  basic  equivalent  t 
method  of  representing  cover  and  intermediate  support  structures,  as  dis- 
cussed previously. 

The  density  p,  in  Equation  128.  applied  to  all  torque  box  t's,  is  the 
material  density  of  the  compression  cover.  A density  correction  factor 
other  than  1.0  is  applied  to  the  lower-cover  and  spar  weights  if  the  input 
data  set  contains  specified  densities  for  these  structures.  This  provides 
for  sensitivity  to  selections  of  materials  or  alloys,  other  than  that 
specified  for  the  compression  cover,  although  the  same  material  is  generally 
assumed  for  all  four  major  elements.  However,  some  vehicle  designs  require 
selections  of  different  types  and  alloys  of  aluminum  for  specific  applica- 
tions and  requirements.  In  general,  these  selections  are  based  on  the 
unique  physical  and  mechanical  properties  of  specific  alloys  such  as  superior 
strength,  fracture  toughness,  fatigue  life,  stress  corrosion,  or  elevated- 
temperature  properties. 


LEADING  AND  TRAILING  EDGE  WEIGHT  ANALYSIS 

The  weight  analysis  routines  for  leading  and  trailing  edge  structures 
are  designed  to  provide  detailed  mass  properties  descriptions  of  these  com- 
ponents. Weights  of  each  major  leading  and  trailing  edge  component  are 
estimated  with  statistical  equations  based  on  component  geometry  parameters 
and/or  vehicle  design  criteria.  These  statistical  equations  provide 


structural  weight  sensitivity  to  configuration-oriented  geometry, 
environment,  and  design  specifications.  Each  estimation  equation  includes 
design  load  factor,  design  gross  weight  or  maximum  dynamic  pressure,  component 
type,  and  component  physical  size  parameters  from  which  unit  weights  for  each 
component  are  derived. 

The  basic  equations  for  control  surface  devices  are  modified  so  that  the 
unit  weights  can  be  adjusted  through  specific  types  of  data  in  the  input 
data  set.  This  allows  for  weight  sensitivity  to  design-oriented  features 
of  the  vehicle  being  evaluated.  Each  control  surface  device  includes  three 
additional  terms,  added  specifically  to  increment  the  basic  unit  weights  for 
(1)  local  t/c,  (2)  local  physical  available  volume,  and  (3)  surface  actuation 
(number  of  actuation  systems  per  device). 

Vehicle  criteria  and  general  geometry  data  are  ordered  for  the  analysis 
routines  by  the  design  data  module  routines  of  SWEEP  or  the  general  lifting 
surface  data  control  routine  of  this  module.  Physical  descriptions  of  the 
components  are  derived  by  the  analysis  routines  from  lifting  surface  geometry 
data  and  data  subsets  in  tdie  input  data  set  which  are  used  to  describe  the 
physical  dimensions  and  locations  of  each  component. 

Control  surface  device  descriptions  must  specify  the  type,  number  of 
panel  segments  per  device,  and  pertinent  control  coordinates  so  that  necessary 
geometric  data  can  be  computed.  The  generalized  procedures  discussed  under 
"Lifting  Surface  Geometry,"  of  this  section,  are  used  to  specify  the  boundry 
lines  of  any  control  surface  device.  Geometry  data  for  each  type  of  device 
must  be  provided  in  specific  formats,  since  estimation  procedures  for  each 
type  are  programmed  individually.  Figure  46  shows  wing  control  surface 
devices  showing  the  required  geometry  specifications  which  are  used  for 
device  planform  geometry  area  calculations  and  for  positioning  the  device 
in  the  correct  location. 


Estimation  Equation  Form 

The  weight  estimation  equation  can  be  expressed  in  general  form  as: 

w/s  = ko[Ki  +£4k][(w/s)q]  (131 ) 

Where 

w/s  = estimated  unit  weight 

K = general  weight  coefficient  to  be  used  by  the  user, 

1.0  unless  changed 
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Ref  trapezoidal  wing 
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= basic  statistical  equation  correlation  factor, 
different  for  all  components 

LA K ■ derived  unit  weight  modification  factors 

(w/s)  * basic  statistical  unit  weight  (function  of  vehicle 

enviroiment  and  geometry) 

For  all  devices,  provisions  are  made  in  the  input  data  set  and  analysis  logic 
to  allow  the  user  to  specify  desired  unit  weights,  in  lieu  of  the  program 
derived  data. 

The  basic  statistical  unit  weight,  (w/s)n  is  derived  for  each  component 
in  one  of  the  following  three  forms : 

w/s  * Cx  (C2  X1  * C3) 

w/s  ' C4(x2)C5  * C6(x3)C7 

w/s  -C8(X4)S 

where  tlie  g are  equation  constants,  and  the  ^ are  estimation  parameters 
based  on  vehicle  criteria  and  component  geometry. 

The  unit  weight  modification  factor LAK  consists  of  three  terms: 


(132) 

(133) 

(134) 


LAK 


where 


AK^  ~ basic  incremental  factor  for  thickness  ratio 
dlCj  • = basic  incremental  factor  for  available  volume 

= basic  incremental  factor  for  number  of  actuators 

^CVef  = 0.10,  constant 

(t/c).  = aerodynamic  thickness  ratio  at  midspan  of  each 

segment  panel 

N = number  of  actuators  per  segment  panel 
Term  1 of  Equation  135  is  included  in  the  fixed  structure  equations. 


(135) 
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Fixed  Leading  Edge  Structure 


The  fixed  leaiing  edge  structure  is  assumed  to  include  all  structures, 
other  than  the  leading  edge  devices,  forward  of  the  front  spar  and  between 
the  buttock  lines  defined  by  the  Y-coordinate  at  the  first  and  eleventh 
structural  cut.  The  weight  analysis  accounts  for  any  structure  forward  of 
the  theoretical  leading  edge  of  the  trapezoidal  planform.  However,  the 
geometric  parameters  used  for  evaluation  of  (w/s)0  are  based  on  the  theoreti- 
cal leading  edge  geometry.  The  derived  unit  weights,  based  on  Equation  132 
when  multiplied  by  the  true  exposed  leading  edge  planform,  results  in  the 
estimated  fixed  leading  edge  weight  only  if  leading  edge  devices  are  not 
specified. 

For  leading  edge  designs  with  control  surface  devices,  fixed  structure 
weights  are  subtracted  from  the  initial  estimates.  These  incremental  weights 
are  computed  from  assumed  fixed  leading  edge  weight  distribution  surfaces 
and  is  dependent  upon  the  type  and  location  of  the  control  surface  device. 

The  weight  distribution  surface  is  initially  determined  by  assuming  that  the 
derived  unit  weight  is  distributed  uniformly  over  the  exposed  leading  edge. 
Thus,  panel  point  weights  then  can  be  computed  between  spanwise  leading  edge 
distribution  control  stations.  Each  individual  panel  weight  is  then  assumed 
to  be  distributed  linearly  between  the  control  points  as  a function  of  the 
true  aerodynamic  chord  forward  of  the  front  spar.  The  chordwise  distribution 
of  the  unit  spanwise  weight  at  any  station  is  then  assumed  to  be  distributed 
between  the  true  leading  edge  and  the  front  spar,  based  on  a predetermined 
trapezoidal  distribution.  The  surface  is  evaluated  by  the  procedure  des- 
cribed under  "Lifting  Surface  Design  Data,"  of  this  section. 

The  estimation  equations  for  (w/s)Q  for  wing,  horizontal,  and  vertical 
tails  are  shown  in  the  following,  along  with  the  final  unit  weight  equations: 


1.  Wing: 
(w/s)o 


tw/5)w 


(136) 


(137) 
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2.  Horizontal  tail: 


[0.8  0 S.  ] 

C^SX  • e-  + 0.54 

ave  J . 

(w/s)h-Xh  1.75*0.10 


0.25 


(w/s) 


3.  Vertical  tail: 


(w/s)Q  = 0.0004  . c 


Where 


(w/s)v  = Ky  {1.50  ♦ 0.10 


r°-8<wsiej  + 0.54 

L ave  J 

r o.io  i0-2! 

L(t/Cjavaj 


(w/s). 


ax 


le 


ave 


maximum  dynamic  pressure,  generally  determined 
at  V^,  sea  level 

exposed  theoretical  leading  edge  planform  area 


(138) 


(139) 


(140) 


(141) 


average  chord  determined  by  dividing  exposed  area 
by  exposed  leading  edge  span  measured  along  front  spar 


(t/c) 


ave 


aerodynamic  thickness  ratio  at  exposed  leading 
edge  midspan 


Leading  Edge  Control  Devices 

Three  sets  of  leading  edge  devices  can  be  positioned  on  any  wing  plan- 
form,  as  shown  in  Figure  46.  The  device  type  at  each  location  must  be 
specified  from  one  of  three  types  of  leading  edge  devices:  (1)  leading 

edge  slats,  (2)  leading  edge  kruger  flap,  and  (3)  droop  leading  edge. 

The  weight  estimates  are  based  on  unit  weights  computed  for  up  to  three 
segments  per  device.  The  number  of  segments,  specified  in  the  input  data 
set,  is  used  to  compute  segment  geometries  that  are  of  equal  spans.  The  total 
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device  weight  and  centroid  are  computed  from  segment  data,  from  which  device 
weight  distribution  data  are  computed. 

The  estimation  equation  for  (w/s)0  and  the  final  segment  unit  weights 
follow: 


1.  Leading  edge  slats: 


(w/s) 


/N  w DGW  \ 0,32  /0.8  0 S \ 

.SSlI-Slt \ , 10  / 

' w ' ' pnl  / 


s .“10.25  (142) 


(W/S)sl  = Ksl  1,0+0,10  [(17^r^“]0  25+ 0,01+1 ,0  [N°‘125-1-°](w/s)0  (143) 


2.  Leading  edge  kruger  flaps: 
(w/s)  * 


(N  __.A0.32  /0.8O  S AO. 25 

■ . 0.667^-  daa  ml j 


(144) 


I 0 25 

(W/S)kr  = \r  i-0*0-10  [ct/c)1Q  ] +O.O1+O.75^N0,125-1.oJ  (w/s)q 

(145) 


3.  Droop  leading  edge: 
(w/s)  - {0.00077 


0.8  0 S 
max 


Pnl 


ave 


r- 

+ 0.83 

+ 

0.33 

J 

L 

0.8  S 


10.25 


ax  pnl 


pnl 


(w/s),  = X 

dn  dn 


1.725+0 


.lo[(t/cI~~']  +0.01+0.50  [n°,125-1.o] 


Where 


(146) 

(K/5)o 

(147) 


N^it  = ultimate  positive  load  factor 
DWG  ■ basic  flight  design  gross  weight 

Sw  * gross  wing  planform  area 
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(t/c) 


ave 

ave 


planform  area  for  each  device  segment 

device  segment  ;pan  measured  along  forward 
device  control  line 

average  device  segment  chord 

aerodynamic  thickness  ratio  at  segment  midspan 


Fixed  Trailing  Edge  Structure 


Fixed  trailing  edge  structure  weight  analysis  is  based  on  the  same  pro- 
cedures as  described  for  the  fixed  leading  edge,  except  that  processing  of 
fixed  structure  incremental  weights  where  control  surface  devices  occur 
includes  positive  increments.  These  positive  delta  weights  are  added  to  the 
basic  weight  estimates  to  account  for  local  structural  provisions  for  the 
devices . 

The  basic  statistical  equation  correlation  factor,  in  the  general 
Equation  131,  is  adjusted  for  fixed  trailing  structures  by  a coefficient  that 
is  sensitive  to  the  maximum  design  dynamic  pressure.  The  correction  factor 
AKqis  determined  as: 


Where  Ca  and  Q,  are  constants,  currently  assigned  values  of  1.0  and  0.70  for 
wing  and  0.75  and  0.70  for  horizontal  and  vertical  tail  surfaces,  and 


Qq  = reference  dynamic  pressure,  950  psf 

Snax  = maximum  dynamic  pressure,  psf 

The  estimation  equations  for  (w/s)  and  the  final  fixed  trailing  edge 
unit  weights  are  listed  in  the  following  for  wing,  horizontal,  and  vertical 
tails: 


j 
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Www  ~MW 


'MMmmmmmw 


1.  Wing: 


(w/s)  = 0.0165 
o 


[0.35  0 i 

-=*-*]♦  !.45 

r o.io  i 

(t/c) 

L aveJ 


0.25 


(w/s)  « K 1.0 +4K  +0.10.  firrx 
w w q (t/c) 


(w/s). 


2.  Horizontal  tail 
(w/s)  * 0.0145 


fO.35  0 Si 

inax  te  1 

b 

*-  te 


35 


f 0 10 

(w/s)h  ■ *Sl  1'0^Kq+0'10Lu7jj^J 


(w/s). 


3.  Vertical  tail: 
(w/s)  = 0.0145 


r 0.35  0 S,  I 
Ttiax  te  + 

L te 


35 


(w/s)  = K 1.0  + 4K  + 0.10 
v v q 


tea 


0.25 


(w/s). 


(140) 

(150) 

(151) 

(152) 

(153) 

(154) 


Trailing  bdge  Control  Devices 


Provisions  are  made  Tor  evaluation  of  up  to  six  trailing  edge  control 
devices:  1 and  2 for  spoilers;  3,4,  5 for  flaps;  and  6 for  flap/aileron. 

For  flap-type  devices  3,  4,  and  5 (plus  6 if  flap  type  is  ordered),  one  of 
four  general  types  of  flaps  can  be  specified  - simple,  single -slotted, 
double- slotted,  or  triple  slotted.  Additional  data  are  required  for  double- 
and  triple-slotted  flaps  to  describe  relative  sizes  of  the  chordwise  panels 
figure  47). 

Control  device  6 is  internally  treated  as  a general  device,  so  that 
flap-type  or  ailerons  for  wings,  elevators  for  horizontal  tail,  and  rudders 
for  vertical  tails  can  be  evaluated.  Two  additional  data  subsets  are 
included  for  this  device  for  elevators  and  rudders.  The  analysis  routine 
checks  indicator  status  for  lifting  surface  type  and  device  type  to  logically 
determine  the  type  of  analysis  to  be  performed. 
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Estimated  weights  are  distributed  by  the  procedures  discussed  under 
"Lifting  Surface  Design  Data,"  of  this  section.  The  estimation  equations  for 
trailing  edge  devices  are: 


1.  Spoilers: 


(w/s)q  E 0.008 


0.8 


Smax  Spnl 


pnl 


(w/s)  a K 
sp  sp 


♦ 1.95 


r o.io  i°-2i 

K'ave 


(155) 


1.0+0.10  +0.01+1.0  [n°*125-1|}(w/s) 


o 

(156) 


2.  Trailing  edge  flaps: 


(w/s)Q  = 0.69 


l4-4(u(bf) 


SA2  10.25 


100  (t/c) 


ave  J 


(157) 


(w/s)f  = Kf 


K +0.10  rA^-l°-25+°.01+1.5  [n0,125-i] 
type  L(t/C)avej  L J 


(w/s) 


0 

(158) 


3.  Ailerons: 


.35  0 S 

(w/s)o  = <0.018251 Jnax 


o.: 


+1 . 55  > +<0.50 


0.35 


0.25 


(w/ s ) a - Kaj  1.0+0.10  [(™-  -j°-25+0.01+0.10  [n°*125-i] |^./s)o 


(159) 


(160) 


4.  Elevators: 


(w/s)  = 0.773 

o 


0.35  0 S 
max  e 


0.3069 


(101) 


(w/s)  - Kg  <1.40+0 


|l .40+0.10  +0.01+0.10  [n°'125-i] | 


(w/s) 


o 

(162) 
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5.  Rudders: 


The  e factor  in  Equation  158  is  selected  from  a table  of  factors 
based  on  the  type  of  flap  specified.  Table  17  shows  the  values  for  K 
along  with  the  indicator  control  word  values.  ^ 


TABLE  17.  FLAP-TYPE  INDICATOR  AND  CORRELATION  COEFFICIENTS 


Indicator 

Correlation 

Flap  Type 

Value 

Coefficient 

Simple 

0 

1. 000 

Single-slotted 

1 

1.250 

Double-slotted 

2 

1.500 

Triple -slotted 

3 

1.750 

The  flap  segment  area,  S^,  found  in  Equation  157,  is  the  sum  of  all 

chordwise  panel  areas.  Thus,  for  triple-slotted  flaps,  actual  planform 
areas  are  computed  for  each  of  the  three  chordwise  panels  from  the  input 
data  specifications  (Figure  47).  The  value  of  b^  is  based  on  the  swept 
distance  along  the  forward  leading  edge  of  each  flap  segment. 
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BASIC  MODULI:  OUTPUT 


The  weight  analysis  routines  derive  estimated  weights  of  lifting  surface 
components  in  detail  so  that  AN  9103-D,  "Group  Weight  Statement,"  information 
can  be  prepared  from  the  results.  The  estimates  are  ordered  for  (1)  output 
by  the  output  module  of  SWEEP  in  vehicle  analysis  weight  statement  format  and 
(2)  output  by  the  output  data  print  routine  of  the  wing  and  empennage  module. 
Figure  48  is  the  weight  summary  printed  for  each  surface  analyzed. 

Figures  49  and  50  are  weight  summary  details  for  the  torque  box  structures 
printed  under  optional  output  control.  Detail  pivot  structure  weight  esti- 
mates shown  in  Figure  48  and  the  torque  box  summary  in  Figure  50  are  printed 
only  if  variable -sweep  wings  are  evaluated. 

The  format  used  to  summarize  torque  box  component  weights  (Figures  49 
and  50)  are  tailored  for  multirib  stringer  designs.  The  same  format  and 
headings  are  used  for  the  other  three  construction  types  - multispar  plate, 
multispar  honeycomb  panels,  and  full-depth  honeycomb  sandwich.  The  format 
and  headings  are  also  the  same  for  advanced  composite  designs.  Weights  for 
the  various  elements  that  make  up  these  torque  boxes  are  grouped  and  assigned 
to  one  of  the  applicable  line  items  on  the  summary  page.  Table  18  defines 
those  items  that  are  grouped.  Protective  finish  weights  for  advanced 
composite  front  and  rear  spar  webs  are  included  in  the  web  weights  for  the 
spars.  The  honeycomb  core  ana  bond  weights  are  also  added  to  the  spar  webs 
weights  if  the  honeycomb  panel  construction  option  is  selected  for  the  front 
or  rear  spar  design. 
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Figure  48.  Lifting  surface  conponent  weight 
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Figure  49.  Torque -box  weight  summary,  page 
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Figure  SO.  Torque-box  weight  summary,  page  2,  pivot  type. 
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TABLE  18.  TORQUE-BOX  SUNMARY  PAGE  LINE  ITEM  DEFINITIONS 


Summary  Page 
Line  Item 

Construction  Type 

Multirib 
Skin- stringer 
Covers 

Multispar 

Plate 

Covers 

Multispar 

Honeycomb 

Panel 

Covers 

Full -Depth 
Honeycomb 
Sandwich 

SKINS 

a 

a 

b 

b 

STRG. 

c 

d 

d,e 

f 

MISC.  SK. 

g.i.j 

g.i.j 

f,g,h,i,j 

g.i 

INTERM. 

k,m,n 

l,m,n 

1 ,m,n 

h 

MISC.  ATT. 

o,p  ,q 

o,p,q 

o,p,q 

p.q 

Code  Definitions: 


a = cover  skin,  including  forward  and  aft  overhang 
b ■ face  sheets,  including  forward  and  aft  overhang 
c * stringers 
d = intermediate  spar  caps 

e * honeycomb  panel  inserts  at  intermediate  spars 
f » bond  weight,  face  sheets  to  core 

g = skin  pads  at  intermediate  ribs  or  spars,  front  and  rear  spars,  tip 
and  root  ribs,  bulkheads  and  splices  (includes  fillers  at  ribs 
and  spars  for  advanced  composite  option) 
h * core 

i = exterior  flame  spray  protection  for  advanced  composite  skins 
j = interior  seal  and/or  protective  finish  for  advanced  composite  skins 
k ■ intermediate  ribs  (caps  and  webs) 

1 = intermediate  spar  webs 

m = protective  finish  and/or  sealant  for  advanced  composite  webs 
n = core  and  bond  for  honeycomb  panel  webs  (advanced  composite  structure 
option  only) 

o ® miscellaneous  attachments  for  intermediate  ribs  or  spars 
p = cover- to -support  structure  attachments 
q = splice  fasteners 
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DESIGN  DATA  GENERATION  OPTION 


GENERAL  DESCRIPTION 

Evaluation  of  the  dynamic  characteristics  of  lifting  surfaces, 
particularly  high-performance  wing  with  thin,  highly  swept,  high- aspect- ratio 
planforms,  are  an  important  part  of  the  preliminary  design  cycle.  The  ana- 
lytical programs  used  to  evaluate  airloads  due  to  wing  flexibility  and  for 
optimization  of  the  wing  torque  box  to  satisfy  flutter  criteria  require  engi- 
neering descriptions  of  the  physical  characteristics  of  the  wing  in  terms  of 
geometry,  stiffness,  and  mass  properties.  Much  of  these  data  are  developed 
by  the  wing  and  empennage  module  of  SWEEP  as  part  of  the  synthesis/weight 
analysis  of  lifting  surfaces. 

The  data  generation  option  of  this  module  produces,  as  output,  the 
preliminary  data  necessary  for  flexibility  and/or  flutter  analysis.  Most  of 
the  design  data  required  by  the  stand-alone  flexible  loads  analysis  program 
and  the  flutter  optimization  programs  can  be  obtained  as  module  output, 
special  punched  output,  and/or  printed  output. 

This  SWEEP  option  for  design  data  generation  was  developed  to  be  used 
during  the  iterative  design  cycle  in  which  the  effects  of  wing  flutter  stiff- 
ness requirements  and  wing  flexibility  are  optimized  for  efficient  spanwise 
distribution  of  torque  box  material.  In  this  study  phase,  stand-alone  versions 
of  SWEEP,  flutter  optimization,  and  flexible  loads  programs  would  be  used  as 
illustrated  in  Figure  51.  Each  program  is  set  up  to  evaluate  the  configuration 
and,  as  output,  to  produce  design  information  as  printed  and/or  punch  output. 
Evaluation  of  these  results  can  then  be  made  by  responsible  engineering 
specialists  before  use  as  input  data  for  the  other  programs. 


PROGRAM  DESCRIPTION 

The  data  generation  option  of  the  wing  and  empennage  module  is  designed 
primarily  to  provide  mass  properties  and  structural  design  data  for  the 
flutter  optimization  and  flexible  loads  analysis  programs  described  in 
Volumes  X and  XI.  Analysis  controls  and  evaluation  procedures  are  programmed 
in  the  output  overlay,  overlay  (17,0).  Additional  mass  properties  procedures 
are  included  in  overlays  (14,0)  and  (15,0),  and  additional  data  processing 
is  included  in  the  torque  box  synthesis  control  routines  of  overlays  (9,0)  and 
(18,0)  to  provide  the  necessary  inputs  to  overlay  (17,0)  routines. 

Subroutines  WVFUD  and  WFLDD  are  the  data  generation  routines  programmed 
for  this  option.  Special  subroutines  TBFWI , TPINT,  PINT0,  and  CT0T  are  used 
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by  these  subroutines.  WVFDD  provides  the  output  data  set  for  the  flutter 
optimization  program,  using  PINT0  to  print  and  punch  the  results  in  the  data 
card  format  required.  WFLDD  creates  the  data  set  for  the  flexible  loads  pro- 
gram. Output  information  consists  of  pertinent  vehicle  design  criteria,  wing 
geometry,  torque  box  bending  and  torsional  stiffness,  and  strip  mass 
distributions. 

The  integration  of  mass  properties  distributions  are  made  in  overlays 
(14,0),  (15,0),  and  (17,0).  Computations  in  overlays  (14,0)  and  (15,0)  result 
in  mass  properties  estimates  made  for  leading  edge  and  trailing  edge  structures, 
torque  box  fuel  and  contents,  and  externally  mounted  concentrated  mass  items. 
Integrations  of  weight  and  inertia  distributions  are  always  made  for  both 
flexible  loads  and  flutter  in  conjunction  with  the  integrations  performed  for 
deadweight  loads  evaluations  in  the  structural/weight  analysis  system. 

In  overlay  (17,0),  the  weight  and  inertia  distributions  of  the  final 
estimated  torque  box  weights  are  evaluated  and  combined  with  the  previously 
calculated  data.  The  summation  of  loads  and  flutter  system  data  is  performed 
by  separate  subprograms  written  to  process  the  required  data  for  output. 


MASS  PROPERTIES  AND  DESIGN  DATA  PROCESSING  REQUIREMENTS 

Mass  properties,  structural  design,  and  geometry  data  are  required  in 
different  reference  systems,  for  different  sets  of  control  stations,  strip 
widths,  and  strip  orientations.  Each  program  requires  data  which  are  evalu- 
ated at  predetermined  control  stations  and  referenced  to  one  of  the  two  basic 
lifting  surfaces  coordinate  reference  systems.  Data  describing  the  mass 
characteristics  for  all  items  contained  in  the  moldline  of  the  exposed  wing 
are  processed  as  distributed  masses  - 10  equal-width  aerodynamic  strips  for 
the  flexible  loads  analysis  program  (Figure  52)  and  11  structural  system 
strips  for  the  flutter  optimization  program  (Figure  53) . 

Mass  properties  data  must  also  be  evaluated  separately  for  each  program, 
since  the  flutter  design  point  and  vehicle  design  loading  may  not  be  the  same 
as  for  the  critical  design  loads  condition.  Furthermore,  the  critical  design 
point  and  vehicle  loading  resulting  from  the  flexible  loads  analysis  may 
also  be  different  from  that  resulting  from  the  rigid  loads  analysis.  Thus, 
evaluations  for  mass  properties  of  wing  fuel  and  externally  mounted  expendable 
items  are  evaluated  individually  for  each  program,  based  on  user  specifications 
defined  through  control  data  in  the  input  data  set. 

Mass  properties  summation  logic  in  each  system  is  designed  to  compute  for 
outout  the  total  mass  distribution  for  a specified  vehicle  loading  condition. 
Remaining  wing  fuel  for  the  output  design  data  is  determined  from  a fuel  usage 
schedule  ar~ay  in  the  input  data  set.  Separate  data  sets  are  provided  to 
define  fuel  status  for  flexible  loads  design  loading  and  flutter  design 
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Hass  distribution  for  10  panels  between  11  equally 
spaced  stations  i 


o 


Mass  distribution  for  11  strips  integrated—— 

'at  basic  control  stations  1-11 
(11  weight  analysis  control  stations) 

Figure  53.  Flutter  optimization  analysis  mass  distribution 
and  integration  reference  system. 


loading.  Estimated  full -capacity  fuel  mass  properties  data  for  each  fuel 
cell  are  scaled  to  the  desired  fuel  level. 

Provisions  are  made  to  process  two  sets  of  externally  mounted  concen- 
trated mass  items  so  that  effects  of  store/extemal  fuel  configurations  can  he 
evaluated  by  the  flexible  loads  and  flutter  optimization  programs.  Loading 
status  schedule  similar  to  that  for  fuel  usage  is  provided. 

The  structure  tenperatures  for  flexible  loads  analysis  and  the  critical 
flutter  conditions  may  differ  from  the  design  temperature  for  torque  box 
strength  requirements.  Thus,  the  stiffness  levels  resulting  from  the  strength 
analysis  must  be  adjusted  to  account  for  the  effect  of  temperatures  on  the 
structural  material.  In  the  analysis  of  metallic  designs,  it  is  assumed  that 
the  material  modulus  of  elasticity,  E,  and  modulus  of  rigidity,  G,  are  con- 
stant over  the  complete  span.  Adjustments  of  stiffness  levels  for  temperature 
differences  are  made  by  linear  scaling  of  computed  El  and  GJ.  The  scaling 
factor  is  the  ratio  of  E and  G values,  at  the  new  design  temperature  to  the 
base  values.  Stiffness  levels  of  metallic  designs  for  the  two  types  of  output 
data  sets  are  controlled  by  input  of  required  values  of  design  E's  and  G's  or 
factors  for  each  to  be  applied  to  the  strength  design  El  and  GJ. 

Stiffness  levels  of  advanced  composite  torque  boxes  are  expressed  in 
terms  of  El  and  GJ.  However,  the  E and  G parameters  cannot  be  assumed  to  be 
constant  over  the  span.  Also,  the  equivalent  values  of  E and  G at  any  section 
is  dependent  upon  number  and  ply  orientation  for  all  members  of  the  torque 
box.  Thus,  the  stiffness  analysis  routines  for  advanced  composite  torque 
boxes  are  programmed  to  compute  El  and  GJ  with  at  temperature  material  projier- 
ties  for  each  set  required.  The  input  data  set  for  advanced  composite 
analysis  includes  provisions  for  specifying  the  desired  design  temperatures 
to  be  used. 


STRUCTURAL  SYNTHES  IS/ WEIGHT  ANALYSIS  REFERENCE  SYSTEM 

During  the  structural  synthesis/weight  analysis  of  lifting  surfaces, 
geometry,  design  loads,  and  structural  design  requirements  are  evaluated  at 
11  control  stations,  based  on  the  (Y^,  X^)  structural  reference  system 
(Figure  54).  Torque  box  structures  are  synthesized  at  these  stations.  Unit 
spanwise  weights  are  determined;  then  estimated  weights  are  calculated  by 
integration  between  these  stations.  Bending  stiffness,  El,  and  torsional 
stiffness,  GJ,  are  computed  from  synthesis  data  at  each  station.  These 
synthesized  data  provide  the  necessary  distribution  data  for  computing  the 
required  data  for  the  flutter  optimization  and  flexible  loads  analysis 
programs . 
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Structural  synthes 


TE  device  (AWT) 

Figure  54.  Structural  synthes  is/ weight  analysis  reference  system  and  weight  integration. 


Mass  distribution  surfaces  are  defined  for  each  wing  structure  component 
and  content  items.  The  evaluation  procedure  is  based  on  numerical  integration 
of  mass  properties  for  rectangular  mass  elements  with  uniform  density.  Prop- 
erties are  evaluated  for  individual  grids  of  a finite  grid  pattern  defined 
for  each  component  (Figure  55) . The  densities  are  based  on  the  weight  surface 
ordinate  at  the  grid  centroid  determined  from  spanwise  weight  per  inch  values 
that  are  distributed  chordwise.  The  numerical  summation  of  each  grid  element 
is  governed  by  the  relationship  of  grid  centroid  coordinates  to  the  control 
station  coordinates  and  strip  boundaries. 


DATA  FOR  FLEXIBLE  LOADS  ANALYSIS  PROGRAM 

Two  sets  of  reference  systems  are  used  for  the  development  of  data 
necessary  for  the  flexible  loads  analysis  program.  Mass  properties  data  are 
evaluated  for  10  exposed  wing  panel  strips,  with  boundaries  defined  by  11 
equally  spaced  aerodynamic  cuts  (Figure  52).  Integration  of  the  weight  dis- 
tribution surface  is  based  on  aerodynamic  reference  system  coordinates. 

Total  panel  mass  and  chordwise  centroids  are  sunned  to  mass  distribution 
control  stations  at  panel  midpoints  on  the  structural  reference  axis.  The 
strip  mass  centroid  is  then  ordered  for  output  as  the  chord  distance  from  the 
centroid  to  the  leading  edge  at  the  mass  control  station. 

Concentrated  mass  items  are  included  as  part  of  distributed  strip  data. 
Location  of  each  concentrated  mass  item  (up  to  seven  items  may  be  described 
in  the  input  data  se~)  is  determined  relative  to  the  mass  integration  control 
stations.  The  mass  items  are  assumed  to  affect  the  two  control  stations  that 
straddle  the  mass  coordinate  point  on  the  reference  axis;  thus,  these 
weights  are  beamed  to  the  stations,  using  simple  beam  static  equations  for 
determining  reactions.  Mass  items  which  are  adjusted  for  design  condition 
status  are  adjusted  before  processing  to  the  proper  strip  control  stations. 

Structural  stiffness  data,  El  and  GJ,  are  based  on  analysis  control 
stations  resulting  from  the  structural  synthesis/weight  analysis.  Structural 
station  values  and  the  El  and  GJ  estimates  resulting  from  the  torque  box 
synthesis  are  processed  into  12  control  station  sets  for  output.  A control 
station  is  added  between  analysis  control  stations  1 and  2 to  provide  El 
and  GJ  values  close  to  the  root  station  to  allow  the  curve  fit/curve  evalua- 
tion procedure  of  the  flexible  loads  analysis  program  to  properly  approximate 
inboard  spanwise  stiffness  distributions.  The  added  station  is  at  a station 
increment  based  on  the  smaller  of  the  two  values:  (1)  one- fourth  of  the 

distance  between  analysis  stations  1 and  2,  and  (2)  one- tenth  of  the  distance 
between  station  1 and  the  centerline,  along  the  structural  reference  axis. 
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Two  data  decks  are  output  for  the  flexible  loads  analysis  program,  with 
all  punched  data  formatted  for  read  by  subprogram  DKCRD.  The  first  data  set 
consists  of  BC  array  data  calculated  by  the  data  management  module  of  SWEEP 
for  use  by  the  airloads  module.  The  flexible  loads  analysis  program  uses  the 
same  data  array.  BC  array  definitions  can  be  found  in  Volume  II,  "Program 
Integration  and  Data  Management  Module."  The  second  data  set  includes  calcu- 
lated design  and  mass  properties  ordered  for  read  into  the  BF  array  of  the 
program. 


DATA  FOR  FLUTTER  OPTIMIZATION  PROGRAM 

The  reference  coordinate  system  for  flutter  optimization  analysis  is 
the  same  as  the  structural  reference  coordinate  system.  All  mass  properties 
and  structural  design  data  are  computed  for  strips  normal  to,  and  at  stations 
on,  the  spanwise  reference  axis,  Y^.  The  structural  analysis  control  stations 
are  used  as  control  stations  for  the  flutter  optimization  analysis,  and 
computed  data  are  ordered  in  the  array  format  required  by  that  program. 

Figure  53  shows  the  control  numbering  used  for  determining  the  data  require- 
ments. Ihirteen  flutter  optimization  control  stations  are  normally  created  - 
11  for  strip  data,  plus  an  inboard  and  an  outboard  control  station  required  by 
the  flutter  program.  TVro  additional  control  stations  may  be  added,  for  a 
maximum  of  15  stations.  These  added  stations  are  created  for  each  of  two 
externally  mounted  masses  on  the  wing  at  the  flutter  design  condition,  if 
these  masses  are  specified  in  the  input  data  set  for  analysis. 

The  presence  of  add-mass  items  requires  that  control  station  numbers  for 
stations  outboard  of  the  mass  be  increased  by  one,  and  associated  data 
processed  to  conform  to  the  revised  station  numbers.  Thus,  for  the  inserted 
sketch  in  Figure  52,  the  initial  control  stations  9 to  12  are  assigned  con- 
trol station  numbers  10  to  13,  and  the  station  at  the  add-mass  coordinate  on 
the  reference  axis  is  assigned  station  No.  9. 

Two  sets  of  add-mass  data  are  prepared  for  output  for  flutter  analysis, 
based  on  data  subset  specifications  in  the  input  data  set  describing  these 
masses.  Elements  of  a matrix  describing  the  mass  are  determined  and  included 
as  special  data  sets  for  output,  along  with  associated  stiffness,  geometry, 
and  required  control  indicators.  These  adjustments  are  made  by  subroutine 
WVFDD  so  that  design  data  are  ordered  properly  for  compatibility  with  the 
control  stations  and  the  data  read  routine  of  the  flutter  program. 

Concentrated  mass  items  which  are  not  processed  as  add-mass  items  for 
the  flutter  optimization  program  are  integrated  with  the  mass  properties  of 
the  strip  in  which  the  mass  Y coordinate  intersects  the  structural  reference 
axis  (same  as  shown  for  the  add-mass  item  in  Figure  53) . 


Mass  properties,  data  for  distributed  masses  are  determined  for  11 
strips.  The  strips  are  associated  with  the  11  weight  analysis  stations  and 
are  bounded  by  the  structural  stations  at  the  centroids  of  the  10  trapezoidal 
panels  occurring  between  the  11  arialysis  stations.  The  mass  distribution 
surface  is  integrated  between  these  boundaries  to  the  control  stations  based 
on  structural  reference  system  coordinates.  Strip  mass,  mass  centroid  dis- 
tance from  the  reference  axis,  and  pitch  and  roll  inertias  about  the  mass 
centroid  (structural  reference  system)  are  computed  for  each  strip  and 
ordered  for  output. 

Other  data  ordered  for  output  include: 

2 

1.  El  and  GJ  at  the  control  stations  (lb- in  .) 

2.  Structural  box  width  and  average  depth  (in.) 

3.  Aerodynamic  wing  chord  at  the  control  station  (in.) 

4.  Incremental  structural  span  distance  to  the  next  outboard  control 
station  (in.) 

5.  Change  in  the  sweep  of  the  reference  axis  at  the  control  station, 
if  any  (deg) 

6.  Node  control  indicators  for  each  control  station 

7.  Distance  from  the  control  station  to  the  local  aerodynamic  center 
of  pressure,  assumed  to  be  at  the  25-percent  chord  line  (in.) 

8.  Local  slope  of  the  lift  curve,  assumed  to  have  the  value  equal  to 
2 ttcos  (A^)  > Per  radian 

El  and  GJ  values  at  add-mass  stations  created  from  the  input  data  set  speci- 
fications are  based  on  a three -point  parabolic  fit/ interpolation  procedure. 
Torque  box  geometry  at  these  stations  is  based  on  straight-line  interpolation 
for  width  and  depth. 

General  configuration-oriented  design  data  are  also  required  for  output. 
These  data  can  b''  specified  in  the  input  data  set  for  inclusion  in  the  output 
data  set  or,  if  the  data  cell  is  set  to  zero,  the  program  will  use  internally 
generated  data  for  output.  These  include: 

1.  E,  modulus  of  elasticity  for  the  torque  box  material  (psi) 

2.  G,  modulus  of  rigidity  for  the  torque-box  material  (psi) 

3.  p,  density  of  the  torque  box  material  (lb/cu  in.) 
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4.  Density  of  air  at  the  critical  flutter  speed  and  altitude  for  which 

the  output  data  set  is  being  created.  This  critical  point,  in 

general,  is  assumed  to  be  at  maximum  limit  speed,  Vl,  at  sea  level. 

The  value  of  the  critical  flutter  speed  is  determined  by  applying 

a factor  of  safety  to  this  speed  - 1.15  for  military  designs  and 

1.20  for  comnercial  design  (lb/cu  in.). 

5.  Buttock  line  station  of  the  root  station  (in.) 

6.  Required  flutter  speed,  defined  by  item  4 (kn) 

7.  Vehicle  less  wing  and  contents  mass  properties  data: 

a.  Weight  (lb/side) 

b.  Distance  to  the  mass  centroid  of  item  a.  from  the  fuselage 
station  of  the  root  control  station  (in.)  positive  if  the  mass 
is  aft  of  the  root  station 

c.  Pitch  moment  of  inertia  of  item  a.  about  the  mass  centroid 
(lb- in.2) 

d.  Roll  moment  of  inertia  of  item  a.  about  the  vehicle  centerline 
(lb-in.2) 
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